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SURFACE WATER IN THE ERIE-NIAGARA BASIN) NEW YORK 


by 
W.E. Harding and B. K. Gilbert 


ABSTRACT 


The Erie-Niagara basin contains about 2,000 square miles in western 
New York State. The drainage systems of the area discharge into Lake Erie 
and the Niagara River at an average rate of about 1,730 mgd (million gallons 
per day). Annual precipitation ranges from about 32 to 44 inches. Evapo- 
transpiration losses account for about 20 inches of water a year and the 
streams have an average annual runoff of about 18 inches. 


Streamflow is highly variable throughout the year and also from place 
to place within the area. Extremes range from no flow to a maximum of about 
200 cubic feet per second per square mile for the 50-year flood. In general, 
streams in the up1ands region in the southern part of the basin have higher 
rates of flow per square mile than those in the rest of the area. 


The regiona1 distribution of runoff was estimated from studies of more 
than 100 streams. Mean annual runoff in the area increases as a function of 
the direct relationship between precipitation and elevation of the land 
surface; therefore, a map on a topographic base was developed from which 
mean annual runoff can be estimated for any stream in the area. Other maps 
in the report present the regional distribution of flow at the 50-, 90-, 
and 99-percent duration points. Low-flow frequency analyses show the 
minimum flows expected to recur at various intervals of time for periods of 
1, 7, and 30 consecutive days. Studies of high flows provided the basis 
for a regional analysis of flood frequency for streams with drainage areas 
larger than 10 square miles. 


Overbank flooding in the Erie-Niagara basin is most extensive in the 
Tonawanda Creek basin. Many floods are the result of the formation of ice 
jams, both in stream channels and at the mouths of streams entering Lake 
Erie, and are not necessarily caused by unusually high streamflows. 
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INTRODUCTION 


The Erie-Niagara basin extends from the Cattaraugus Creek basin on 
the south to the Tonawanda Creek basin on the north. The Geological Survey 
was engaged to provide the Erie-Niagara Basin Board with an evaluation of 
the streamflow of the area. The Geological Survey was also asked to 
analyze precipitation, temperature, and evaporation data published by the 
U.S. Weather Bureau and to relate the data to the hydrologic characteristics 
of the area. 


The network of gaging stations that was established prior to this study 
was supplemented with additional data-collection sites. To better define 
runoff in the upstream reaches of previously gaged basins, additional 
continuous-record gages were installed, as part of the study, on Cattaraugus 
Creek near Arcade, Buffalo Creek near Wales Hollow, and Ellicott Creek at 
Millgrove. A recording gage was also installed on Eighteenmile Creek, which 
was previously ungaged. Table 1 lists the principal stream-gaging stations 
in the basin that were operated both prior to and during the study. The 
locations of these sites are shown in figure I. 


At 15 sites, crest-stage gages were installed to record peak flows, 
and low-flow measurements were made to define the range of flow. Several 
low-flow measurements were made at an additional 69 stream sites. Plate I 
shows locations of gaging stations and all other sites on streams at which 
flow measurements were made. Field work, specifically for this project, 
was carried out from 1963 to 1965. 
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Figure 1.--lndex map of the Erie-Niagara basin, showing 
principa1 gaging stations. 
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STREAMFLOW AS A PART 
OF TH E HYDROLOGIC CYCLE 


Streamflow is one e1ement of the continuous circulation of water 
through the hydrologic cycle, as shown in figure 2. Evaluation of stream- 
flow as a resource must be done within the frame of reference of this cycle. 
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Figure 2.--The hydrologic cycle in the Erie-Niagara basin. 


Stream discharge out of the Erie-Niagara basin amounts to about 
one-half the input from precipitation. The average streamflow from the 
area is about 2
b80 cfs, or 18 inches per year, whereas precipitation 
averages about 38 inches per year. The remaining 20 inches per year of 
precipitation not accounted for by streamflow are discharged from the area 
almost entirely by evapotranspiration (evaporation and transpiration). 
A negligible amount of water discharges to Lake Erie and the Niagara River 
by subsurface movement. This discharge is ungaged and occurs mainly in the 
interstream areas abutting the Jake. It is inferred to be small because 
the rocks through which the water moves generally have low permeabilities. 
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Man uses the water lost by evapotranspiration to the extent that it is 
consumed in the growth of crops and other vegetation. He can reduce, 
slightly, the amount of water lost through this process by treating the 
surfaces of reservoirs with protective films and by lowering the levels in 
ground-water reservoirs with continued and large withdrawals. The loss by 
evapotranspiration is seasonal and largely accounts for much of the seasonal 
range in streamflow. Thus, when evapotranspiration is highest, the amount 
of water reaching the streams is reduced. 


Other elements of the hydrologic cycle also affect streamflow. As a 
result of an intense rainstorm, streamflow increases rapidly, then gradually 
declines. Rainstorms are intermittent, yet even during long periods between 
storms the streams continue to flow. This is because streamflow has two 
components -- overland runoff and ground-water discharge. Overland runoff 
is water that flows over the land surface to streams. It occurs only during 
or shortly after a rainfall or period of melting snow, but accounts for 
about two-thirds of the total streamflow. However, overland runoff is 
discharged so rapidly from the streams that it is difficult to utilize 
unless storage reservoirs are constructed. 


Ground-water discharge is the part of streamflow contributed by slow 
drainage from the ground-water reservoirs. It represents much less water 
than overland runoff, but has the good feature of being a more continuous 
supply to the streams. There is a seasonal variation to ground-water 
discharge, however, because during the summer months the ground-water 
reservoirs are gradually depleted and water drains from them at slower and 
slower rates. Then, in the period from late fall to early spring, these 
reservoirs are recharged by water from precipitation and snowmelt that 
infiltrates through the land surface. 
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CLIMATE 


OF THE AREA 


Daily weather data are collected at U.S. Weather Bureau stations in 
the Erie-Niagara basin at or near Buffalo, Colden, Arcade, Batavia, Linden, 
Gowanda, and Hol1and. Locations of the weather stations in and near the 
Erie-Niagara basin are shown in figure 4, and summaries of the available 
data are given in table 2. 


A base period of 1931-60 has been adopted by the U.S. Weather Bureau as 
a so-called Itnormal period." Weather records are referred to the normal 
period, principa1ly so that an identical period of record may be used to 
compare data for various stations that have different lengths of record. 
The U.S. Ge010gica1 Survey refers streamf10w data to the same normal period. 
With regard to the Erie-Niagara basin, the norma1 period is not of special 
hydrologic significance except that it does contain periods of both high 
and low streamf10w. 


CLIMATIC INFLUENCES 


The Erie-Niagara basin, in common with New York State as a whole, has 
a moist continental c1imate that is characterized by moderate annual 
precipitation and by an annual temperature range governed primari1y by the 
basin's distance north of the equator. The main circu1ation of air in the 
area is along the path of the p1anetary, or primary, winds known as the 
prevai1ing westerlies. Air that moves eastward across the continent a10ng 
the path of the prevailing wester1ies is genera11y dry upon reaching the 
Eastern States. The entry of moisture into the Erie-Niagara basin is mainly 
due to secondary circu1ation systems. Co1d, dry, polar air moves from the 
northern latitudes and warm, moist air moves northward from the Gulf of 
Mexico as shown in figure 3. 


During the summer months, air from the Gulf is genera11y the dominating 
inf1uence on precipitation. Rainfa11s are intense but relatively infrequent. 
During the winter, however, polar air circulates farther south, and periods 
of precipitation in the basin are more frequent. Lake Erie has a moderating 
effect on temperature and also provides additiona1 moisture to the air 
passing over it. 


AVERAGE TEMPERATURES 


Average month1y and annual temperature data from se1ected Weather 
Bureau stations in and near the basin are listed in table 3. Also inc1uded 
are data on the 1ast frost in spring and the first frost in fa11 as 
indicators of 1ength of growing season. In their study of spring and fa11 
freezing temperatures of New York State, Frederick, Johnson, and MacDonald 
(1959) prepared maps showing mean length of growing season, and mean dates 
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Figure 3.--Circulation of air masses affecting precipitation 
in the Erie-Niagara basin. 


of occurrence of 1ast spring frosts and first fall frosts. Those i11ustra- 
tions have been reproduced in this report as figures 4 through 7, with 
minor adaptations. 


NORMAL ANNUAL PRECIPITATION 


Average monthly, seasonal, and annual precipitation data for stations 
in and near the basin are given in table 4 for the norma1 as well as for 
other periods. The normal annual precipitation and its distribution, by 
months, for five weather stations in the basin and the station at A11eghany 
State Park are shown in figure 8. These data, when compared to the station 
10cations as indicated in figure 9, show that precipitation increases in a 
southward direction through the area. The southward increase of precipitation 
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MEAN DATE' LAST 32" IN SPRING 


Figure 5.--Mean date of last 32°F or lower temperature in spring 
(Frederick, Johnson, and MacDonald, 1959). 


Figure 6.--Mean date of first 32°F or lower temperature in fall 
(Frederick, Johnson, and MacDonald, 1959). 
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Figure 7.--Number of days between mean dates of last 32°F or 
lower temperature in spring and first freezing 
or lower temperature in fall (Frederick, 
Johnson, and MacDonald, 1959). 
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Figure 8.--Normal monthly and annual precipitation at U.S. Weather 
Bureau stations in and near the Erie-Niagara basin. 


in the area is also shown in figure 9 which was modified from a precipita- 
tion map given by Knox and Nordenson (1955) on the basis of more recent 
precipitation records. Their map was drawn from both U.S. Weather Bureau 
records and runoff data. Figures 10 and 11 show the distribution of normal 
precipitation for the seasons May to October and November to April, 
respectively, on the basis of Weather Bureau records. 


The altitude of the land surface rises to the south, and the variations 
in annual precipitation are accounted for partly by an orographic effect. 
If the values of normal annual precipitation at the Weather Bureau stations 
are plotted against the altitudes of the stations, as in figure 12, the 
plotted points show that precipitation generally increases with altitude 
(an orographic effect). 


The scatter of the plotted data in figure 12 indicates that altitude 
is not the only factor affecting the variations in annual precipitation. 
(For a discussion of how physical features, in addition to altitude, affect 
the distribution of precipitation, see Linsley, Kohler, and Paulhus, 1949, 
p. 92-95.) In addition to the orographic effect, the influence of Lake Erie 
on annual precipitation is indicated by the plotted points in figure 12. If 
the points for stations that are roughly the same distance from the major 
basin of Lake Erie are connected as in figure 12, three parallel lines can 
be drawn. The ratio of precipitation to altitude indicated by the relation- 
ship lines in figure 6 decreases with distance from lake Erie. The lake, 
therefore, may be a significant source of moisture to eastward moving air 
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masses. The effect of physical features of the area on normal annual 
precipitation is apparent from figure 5, and from the low precipitation- 
altitude ratio for the stations at Linden and Batavia (fig. 12). The 
highest altitudes occur in the southern and central parts of the basin. 
Air masses moving eastward or northeastward must pass over this high terrain 
where they may lose moisture by precipitation and, therefore, have less 
moisture to give up when they reach Batavia and Linden along the eastern 
border of the basin. 


It is of interest to note in figures 10 and 11 that both the quantity 
and range of precipitation in the basin are roughly comparable for the 
seasons Hay to October and November to April. However, the distribution of 
precipitation varies between the seasons. The figures indicate that 
proximity to Lake Erie is a more dominant influence during November to 
April than during Hay to October. 
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VARIATIONS IN ANNUAL PRECIPITATION 


The long-term record of the U.S. Weather Bureau station at Buffalo 
shows that the total annual precipitation there has most often varied from 
2 to 5 inches from one year to the next. However, larger year-to-year 
variations in annual precipitation of as much as II inches have occurred 
frequently throughout the record. Because streamflow data are usually 
developed for the water year (October I to September 30), precipitation 
data have been listed in table 5 on the same basis for ease of comparison. 


The year-to-year variations in precipitation tend to mask trends that 
are important in considering water resources. The effect of precipitation 
on streamflow is cumulative, principally because the ground-water reservoirs 
and soil have considerable ability to store water. For example, if precipi- 
tation is below average for a period of several years, the ground-water 
reservoirs may become seriously depleted in storage. The discharge from 
them which sustains streamflow may decline so that streamflow becomes 
seriously deficient at times. 


To assess precipitation trends, the 9-year moving average of annual 
precipitation was computed for the station at Buffalo and is shown in 
figure 13. Annual precipitation varies considerably from year to year, and 
the 9-year moving average was used simply to produce a re1ative1y smooth 
graph. The 9-year moving average for 1910 is the average of the annual 
precipitation for the years 1906-14; that for 1911 is the average of the 
annual precipitation for the years 1907-15. As additional years of data 
are added to the record, the moving average for the years 1960-64 are almost 
certain to show a steep downward trend in figure 13. Past trends in precipi- 
tation do not provide a basis for predicting future trends. However, extreme 
conditions that have prevailed in the past can be expected to be repeated or 
exceeded in the future. 
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Figure 13.--Precipitation trend in the Erie-Niagara basin indicated 
by 9-year moving averages of annual precipitation, 
by water years, at Buffalo. 


- 21 - 



e 
0 
.-- 
+J If) 
ce (I) 
+J ..c. 
.- 0 
a.e 
.- .- 
0.......... 
(I) 
l- 
e.. 
I- 
(I) I- 
+J ce 
ce (I) 
+J :3 >- 
ce 
"'0 e 
I- 0 
0 .-- 
0 +J If) 
(I) ce (I) 
I- +J ..c. 
.- 0 
4- a.e 
0 ._ e- 
O.......... 
"'O:::i. (I) 
0 l- I- 
.- 0 e.. 
1->- 
(I) 
0.3 I- 
(I) (I) I- 
(1)2: +J ce 
..c. ce (I) 
+J :3 >- 
e 
I- 0 
0'- e 
4- +J 0- 
ce .- If) 
...+J +J (I) 
If)(/) ce..c. 
I- +J 0 
ce :J .- e 
(I) ce a. .- 
>-'(1) .- .......... 
I- 0 
I- :J (I) 
(I) m I- 
+J e.. 
ce I- 
3 (I) 
..c. I- 
>-.+J (I) I- 
...Q ce +J ce 
(I) ce (I) 
...:3 :3 >- 
e 
0 0 
e 
+J ce 0 
ce4- .-- 
+J 4- 
 If) 
.- :J ce (I) 
a.m +J ..c. 
.- 0 
0 a.e 
(I) .- -- 
I- 0.......... 
a. (I) 
l- 
e.. 
ce 
:J 
c:: l- 
e (I) l- 
e::( +J ce 
I ce (I) 
I :3 >- 
L.{) 
e 
(I) 0 
.-- 
...Q +J If) 
ce ce (I) 
I- +J ..c. 
.- 0 
a.c:: 
._ e- 
O.......... 
(I) 
l- 
e.. 
I- 
(I) I- 
+J ce 
ce (I) 
:3 >- 


"mmoo-:t('/'\-mo"U\m('/'\L.{)-" 
OO

OOmL.{)OOOON--:t-:t('/'\
 
. . . . . . . . . . . . . . . . 
O"N('/'\-:tNOO"OO
O
ONOm 
-:t('/'\('/'\('/'\('/'\-:t-:t('/'\('/'\('/'\-:t(,/,\(,/,\(,/,\(,/,\N 


o - N ('/'\ -:t L.{) 
 "00 m ° - N ('/'\ -:t L.{) 
L.{) 
 
m m 


m('/'\L.{)oo--:t

""-:t
m-
(,/,\(,/,\N" 
L.{)('/'\L.{)L.{)o('/'\"-:tm('/'\-:tNOOO
mNOONOO 
.................... 
_O_"-:tL.{)"-:tNON-:t('/'\

L.{)""('/'\L.{) 
(,/,\(,/,\('/'\N NNN ('/'\('/'\('/'\(,/,\N ('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\ 


O_N('/'\-:tL.{)
"OOmO-N('/'\-:tL.{)
"OOm 
('/'\ -:t 
m m 



OO
('/'\('/'\OO-ONL.{)OL.{)mN"N
-L.{)" 

-:t"OO"OONm-:tNO
OOmN-:t('/'\-:tOON 
.................... 
-00 ('/'\('/'\L.{)O-:t('/'\OO L.{)OOO m-:t L.{)OO-:t"O ° 
-:t('/'\('/'\('/'\('/'\('/'\('/'\(,/,\(,/,\N (,/,\NNN (,/,\N('/'\('/'\-:t('/'\ 


O_N('/'\-:tL.{)
"OOmO-N('/'\-:tL.{)

OOm 
N 
m m 


OO_o_-:tOL.{)OO-L.{)moo-:t-('/'\m-('/'\N-:t 
OON('/'\-:tOm"--ON"m-:tmOO('/'\L.{)m
 
.................... 
L.{)-:t
"mmN-:t-NL.{)L.{)-:tOO"OO
mN 
-:t('/'\-:t(,/,\(,/,\N-:t('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\('/'\ 


O_N('/'\-:tL.{)

OOmO-N('/'\-:tL.{)
"OOm 
m ° 
00 m 


- - 


mN
OOON('/'\mN"L.{)-:tON('/'\"-:t-:t 
NL.{)('/'\-Om('/'\m
OO"ON-Nm
('/'\ 
II.................. 
I 100 ° mm
 (,/,\N -
 0 - "m
 "-:t mo 
N-:t('/'\N('/'\('/'\L.{)-:t('/'\('/'\-:t('/'\('/'\-:t-:t('/'\N-:t 


O_N('/'\-:tL.{)
"OOmO-N('/'\-:tL.{)
"OOm 

 00 
00 00 


- 22 - 



INTENSITY OF PRECIPITATION 


The maximum known intensity of precipitation that has occurred in the 
Erie-Niagara basin is a rate of 9 inches per hour, recorded at Buffalo. 
However, the storm lasted only a few minutes and the total quantity of rain 
that fell was less than I inch. Other storms have dropped larger amounts 
during short periods; for example, the maximum quantity of rainfall recorded 
for 24 hours at Buffalo is 4.28 inches. Resu1ts of a statistical analysis 
of rainfall intensity at Buffalo by the U.S. Weather Bureau are shown in 
figure 14. The similarity in shape of these curves, to curves for other 
stations throughout New York State, suggests that they may be valid for the 
whole Erie-Niagara basin. The graph is cut off at a rainfall duration of 
24 hours because air masses do not often stagnate over the area and, 
therefore, intense precipitation of longer duration is not considered a 
normal c1imatic occurrence. The curves show, for example, that once in a 
period of 50 years, on the average, rain can be expected to fall at a rate 
of 0.16 inches per hour for 24 hours to produce a total quantity of 
3.84 inches. Rainfall intensity rates up to 7 inches per hour also can be 
expected once during a 50-year period but for a duration of only about 
5 minutes to produce a total of 0.6 inches of water. 


The curves in figure 14 do not give any indication of the most likely 
month or season in which to expect high intensity precipitation. The 
historic record shows that storms delivering the greatest total precipitation 
usually occur in July, August, and October. A recent intense summer storm 
occurred on August 7, 1963, and was centered over Buffa10 and most of the 
towns of Cheektowaga and Lancaster. The storm lasted 6 hours and produced 
3.88 inches of rain (average intensity, 0.65 inches per hour). A storm of 
this intensity and duration can be expected, on the average, about once in 
140 years. The most intense rate of precipitation has occurred in March. 
However, at that time of year air masses usua11y pass rapidly over the area, 
and tota1 quantity of rainfal1 at anyone location is 1ess likely to be 
excessive. 
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Figure 14.--Rainfa11 intensity duration-frequency curves, 
Buffalo (from U.S. Weather Bureau 
Technical Paper No. 25, 1955). 
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SNOW COVER 


AVERAGE MONTHLY AND ANNUAL SNOWFALL 


Table 6 lists average monthly and annual snowfall through 1960 for 
Weather Bureau stations in and near the Erie-Niagara basin. As shown in 
figure 15, the average annual depth of snowfall ranges from 70 inches in 
the northern part of the basin to a1most 150 inches in the southern part. 
The large range in average annual snowfall results primarily from the effect 
of topography on precipitation, as was illustrated previously in figure 12. 
Because the density of new-fallen snow is about one-tenth inch of water per 
inch of snow depth, the winter potential for temporary surface storage in 
snow cover can be estimated as about 7 to 15 inches of water. 


The 1ines of equal depth in figure 15 are generalized. Quantities of 
annual snowfall at individual climatological stations are not necessarily 
representative of large regions because exposure of the observation site 
and topographic features can produce local variations in measured snowfall. 
Data from U.S. Weather Bureau stations in the area indicate that certain 
sites in the uplands may receive average annual snowfall differing from the 
values shown in figure IS by 
20 inches because of the effects of local 
topography and exposure of the station. Primarily because of the more 
uniform topography in the lowlands area, the range there is probably not 
more than 
5 inches. 


Figure 16 shows the distribution of monthly snowfall at Buffalo Airport. 
January and December have the greatest mean monthly snowfall. Comparison of 
data in table 6 shows that monthly distribution of snowfall is roughly 
similar throughout the basin. 


SEASONAL WATER STORAGE IN THE SNOWPACK 


Eventually, most of the water that falls as snow is discharged from 
the area as streamflow. However, some water is lost from snow by evaporation. 
Garstka <in Ven Te Chow, 1964, Sec. 10, p. 30) indicates that about half an 
inch of evaporation may occur each month during the winter in regions such 
as the Erie-Niagara basin. In this basin, periods of thaw can be expected 
to occur at almost any time during the winter and, consequently, the snow 
does not usually accumulate for long periods. Most of the time, a cyclical 
process consisting of accumulation of snow, gradual melting, and occasional 
periods of rapid thawing occurs each winter. Most of any snowpack that 
accumulates is derived from the 70 percent of average annual snowfall which 
occurs from December through February. Because the mean monthly temperatures 
of October, November, March, and April are usually too warm, the 30 percent 
of the average annual snowfall that occurs during these months does not 
remain on the ground for extended periods. 


- 25 - 



-0 
e 
co 
e 


(/) 
e 
o 



 
CO 

 
U') 
:J 
CO 
OJ 
1- 
:J . 
cao 

 
1-0"\ 
OJ- 
..c. 

 ..c. 
CO 0') 
OJ :J 
:3: 0 
1... 
. ..c. 
U') 
 


:::> e 
E (/) 
o CO 
1-...Q 
I+- 
CO 
CO 1... 

 CO 
CO 0') 
-0 CO 
:z 
I 
CO OJ 
I+- 


 
e 
(/) OJ 
..c. 

 


CO 
:J 1... 
e CO 
e OJ 
CO e 
-0 
e 
CO 
>-- 
..c. 

 
e 
o 
E 
OJ 
0') 
CO 
1... 
OJ 
> 
c::( 
I 
I 



 
OJ 
...Q 
CO 
I- 


U') 


· a. 


:::> 


OJ 

 
CO 
E.::t. 
1- 
o 
u>- 


"' 

 
N 
I 
· 3: 
 
U')OJOO 
· :z 
:::> 


"' 0 
I+- 0 :z 
O
 
I "' 
(/) 
:J L.{) U') 
(/)0"\ 
e :::> 
OJ 
U 1... OJ 
o ..c. 
-I+-
 
CO 

 l+- 
e e 0 
e OJ 
OJ E >-- 
u OJ ..c. 
OJ - a. 
Q a. CO 
a. 1... 
",:J 0') 
-.:t' U') 0 

 
 
0"\ · CO 
- U') E 


"':::> 
:J 
CO OJ 
OJ..c. OJ 
1... 
 U 
:J 1... 
ca I+- OJ 
o E 
E 
o 
u 


u 


1... 
OJ >-- 
..c. 1... 

 CO 
coEI+- 
OJ E 0 
:3: :J 
U') 


U') u 
:::>
 
E 
 
o .- 
1..._ 
lJ..u 



 
e 
OJ 
E 

 
1... 
CO 
a. 
OJ 
Q 


OJ 

 
o 
:z 


(/) 
-0 1... 1... 
o OJ CO 
L....Q OJ 
1... 0 E >-- 
OJ :J 
a.. e I+- 
o 


CO 
:J 
e 
e 


00 0 0"\ - 0"\ 00 M-.:t' 0 0"\ r--.. 
. . . . . . . . . . . 
000 
 00 00 o 0"\ :3= o L.{) 
0"\ 0"\ 0"\ 00 L.{) L.{) r--.. L.{) 00 
 
- - 
r--.. - 
 0"\ 

 -.:t' r--.. N 00 00 
. . . . . . . . . . . 
NO - 0"\ 0"\ 0"\ 000 r--.. O
 
NN N - -.:t'M N- 
0"\0 L.{) - r--..N 00 - L.{) N-.:t' 
. . . . . . . . . . . 
L.{) N L.{)-.:t' -.:t'-.:t' N 0"\ 
 - 0"\ 
-- -- N - - 
L.{) M N N - 0"\ 
 N N-.:t' 
. . . . .1- . . . . . 
0- 
1-1- 1-1- 00 1-1- 0 1-1- 
1-1- 1-1- 00 00 0 00 
00 1-1- 00 00 0 1-1- 
1-1- 1-1- 00 1-1- 0 1-1- 
M N - N 
l- . l- . 1-1- l- . l- I- . 
0 
M -.:t' r--.. N 0"\ -.:t' O
 - M 0"\ 
. . . . . . . . . . . 
M -.:t' N N - 
-.:t' - MM 
0"\ r--.. -
 -.:t' L.{) 
-.:t' M 0"\ 00 
. . . . . . . . . . 
L.{) CV'\ L.{) N 0"\ 0"\ r--.. r--.. 0 N 0"\ 
-- -- NN - - 
O-.:t' CV'\ r--.. r--.. L.{) r--.. CV'\ -.:t' 00 L.{) 
. . . . . . . . . . 
00 
 0"\ 00 N CV'\ -.:t' 
 0 -0 
-- -- -- M CV'\ - -- 
L.{) 00 L.{) N L.{) 
 0"\ r--.. CV'\ r--.. r--.. 
. . . . . . . . . 
N - NO CV'\ N r--..N 00 O-.:t' 
NN N N -- CV'\ CV'\ N - 
0 0 000 0 0 0 O
 

 M 
- 
 
 
 
 CV'\ 
I I I I I I I I I 
- 0"\ - r--.. --.:t' - 00 - - L.{) 
L.{) N L.{) - L.{) N L.{) - L.{) L.{) CV'\ 
0"\ 0"\ 0"\ 0"\ 0"\ 0"\ 
- - - - - - 
>-- 
OJ (/) 
- .- 
- 1... 
CO 1... -0 
e > 0 - 
0 0 L OJ 
OJ - 
 OJ .- 
"'0 CO (/) - 
 I+- 
CO l+- .- 
 c 
 
U I+- 3: 
 :J (/) 
1... ::J OJ .- 0 OJ 
« ca -1 -1 L :3: 


. 
u 
OJ 
Q 


> 
o 
:z 



 
u 
o 



 
a. 
OJ 
U') 


0') 
:J 
« 


>-- 
:J 
-, 


OJ 
e 
:J 
-, 


>-- 
CO 
L 


1... 
a. 
« 


1... 
CO 
L 


...Q 
OJ 
1J.. 


e 
CO 
-, 


c 
o 



 
CO 

 
U') 


- 26 - 



42 0 /' 
45'/ 


78°'5' 


ORLEANS COUNTY 


43' 
00' 


43° 
00' 


CAN 


(] 
-NARSAW 


42° 
45' 



 


i " ) 
'\ 
I eo 
o \ 
I . 

 I '
 .
 

 1 
 140 
I
 
I
 
I
 
15 


-120- 
Line of equal snaw 
depth interval t 10 and 
20 inches 


""""'--- . . ,....--...... 


Basin boundary 



 


Scal. 
o 


42' 
15' 


79'00' 


78'45' 


78'30' 


78'15' 


42' 
15 


Figure 15.--Average annual snowfa11, in inches (1954-65). 
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RESERVOIRS 


NATURAL RESERVOIRS 


The five major lakes in the area are Lime Lake, Java Lake, Crystal Lake, 
Beaver Lake, and Skim Lake, all of which are located in the upstream part of 
the Cattaraugus Creek basin (pl. I). The total drainage area above the 
outlets of these lakes is slightly over IS square miles, which is less than 
3 percent of the area of the Cattaraugus Creek basin. 


Drainage from 9.6 percent (6.9 square miles) of the Elton Creek basin 
is through Lime Lake and Beaver Lake. Lime Lake is an improved natural lake 
with a surface area of approximately ISO acres. The total drainage area 
above the outlet amounts to about 1.7 square miles. It is estimated that 
Lime Lake, with a completely regulated outlet, could impound a 4-inch 
precipitation excess amounting to 350 acre-feet, with a rise in lake level 
of about 2 feet. The 4-inch example is chosen as an approximation of the 
maximum potential storm runoff (precipitation excess) which may be expected 
in the Lake Erie-Niagara area, on the average, once every 100 years. (See 
figure 14 for precipitation frequency.) 


Beaver Lake, in the Elton Creek basin, is the largest catchment basin 
above a natural impoundment within the Lake Erie-Niagara area. Its drainage 
area of 5.2 square miles is 7.3 percent of the area of the Elton Creek basin. 
Outflow is not subject to other than natural control, and the range in pond 
stage and outflow characteristics have not been evaluated. A 4-inch precipi- 
tation excess would provide about 1,100 acre-feet of runoff to the lake. 


Two lakes in the Clear Creek basin, Crystal Lake and Skim Lake, together 
receive the runoff from 13 percent (4.3 square miles) of the basin. There is 
a dam at the outlet of each lake but the extent of regulation has not been 
determined at either. Potential storm runoff to Crystal Lake and Skim Lake, 
again based on a 4-inch precipitation excess, is 560 and 360 acre-feet, 
respectively. 


The area draining to Java Lake is about 4.1 square miles and amounts to 
10 percent of the basin above the confluence of Cattaraugus Creek with Clear 
Creek. A 4-inch precipitation excess would produce 880 acre-feet of inflow 
to the lake. 


ARTIFICIAL RESERVOIRS 


The four largest water-supply reservoirs in the basin are the Orchard 
Park, Akron, Attica, and Gowanda State Hospital reservoirs. When constructed, 
these reservoirs had a combined usable capacity of about three-fourths billion 
gallons with a total drainage area of about 14 square miles. 


There is a relatively large number of smaller artificial lakes and 
ponds in the Erie-Niagara basin. The majority of these are farm ponds used 
for various supply purposes, though some were constructed for recreational 
use. Generally, these ponds are on small upland streams or swales and have 
small contributing drainage areas. 
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The U.S. Soil Conservation Service reportedly has participated in the 
construction of 839 ponds in Erie County (oral communication, Mr. Adalbert 
Ward, East Aurora, N. Y., January 27, 1966). The average surface area of 
these ponds is between one-third and one-half acre, and their total surface 
is about 350 acres. Because cooperative construction service by the Soil 
Conservation Service is readily available, these ponds are assumed to 
represent 75 percent of the utility and recreational pondage in Erie County. 
On this basis, the total surface area of manmade ponds in the 900 square 
miles of Erie County, is estimated to be about 420 acres. The portions of 
Chautauqua, Cattaraugus, Wyoming, Genesee, and Niagara Counties included in 
the Erie-Niagara basin total about 960 square miles. The same density of 
ponds per square mile as in Erie County was assumed for these counties and 
total pond surface area is estimated to be about 450 acres. Thus, the 
estimated total for the entire basin is 870 acres. 
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WATER LEAVING 
ERIE-NIAGARA 


THE 
BASIN 


WATER LOSS BY EVAPOTRANSPIRATION 


In general, the rate of evapotranspiration responds most directly to 
fluctuations in the temperature of the surrounding air. However, it is also 
controlled to some extent by such factors as barometric pressure, wind speed, 
concentration of dissolved solids in the water, and the amount of water vapor 
already in the air. Consequently, evapotranspiration in the Erie-Niagara 
basin varies seasonally, with the minimum rate usually occurring in January 
and the maximum in July. 


As a part of a nationwide study, Kohler and others (1959) indicate that 
the average annual lake evaporation for the period 1946-55 in the Erie-Niagara 
basin was 27 inches. Of this amount, about 22 inches was evaporated during 
the period May to October. 


Total potential evapotranspiration for the area was estimated using a 
method developed by Thornthwaite and Mather (1957) which relates either 
daily or mean monthly air temperatures and number of hours of sunlight per 
month to heat-index factors. Results of this study are shown in figure 17 
for five U.S. Weather Bureau stations in and adjacent to the Erie-Niagara 
basin. Values range from 23.1 to 26.6 inches per year with an average of 
24.5 inches per year. 


Actual annual evapotranspiration is estimated at about 20 inches for 
the area by taking the difference between annual precipitation and annual 
runoff. Monthly distribution of actual annual evapotranspiration was 
estimated by prorating the 20-inch value on the basis of the average of 
monthly values from the Thornthwaite and Mather method. A comparison of 
results from both methods is shown in table 7. 


Table 7.--Monthly potential evapotranspiration and monthly 
distribution of estimated normal annual 
evapotranspiration in the 
Erie-Niagara basin 


Monthly potential evapotranspiration and percent of annual total 


Oct. Nov. Apr. May June July Aug. Sept. Annual 
Inches 1.74 0.52 I .34 3.07 4.60 5.36 4.67 3.24 24.5 
Pe rcen t 7.1 2.1 5.5 12.5 18.8 21.8 19.0 13.2 100 


Monthly distribution of actual normal annual evapotranspira tion 
Inches 11.4 I .4 11.1 I 2.5 I 3.8 I 4.4 I 3.8 I 2.6 1"20 
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Figure 17.--Norma1 month1y potentia1 evapotranspiration at 
c1imato10gical stations in and adjacent to 
the Erie-Niagara basin. 
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STREAMFLOW 


Streams are an integral part of the dynamic hydrologic system and, as 
such, are constantly subject to the changing conditions in the rest of the 
system. Knowledge of the range in variation of the flow of streams in 
response to changes in the system is fundamental to plans for utilizing and 
controlling the streams. 


A gazetteer of named streams and an alphabetical listing of streams 
(Robison and Hladio, 1965) in the Erie-Niagara basin has been included in 
the appendix of this report as tables 15 and 16, respectively. This listing 
includes information on stream length, elevation, and drainage area as well 
as stream numbers as developed by the New York State Conservation Department. 


HISTORICAL VARIATIONS AND PERIODS OF DROUGHT 


The interrelationship between total annual precipitation and annual 
runoff is of considerable interest in evaluating long-term variations of 
streamflow. Median annual precipitation at Buffalo and median annual runoff 
at Little Tonawanda Creek at Linden were used as a base because this 
middlemost value is independent of the magnitude of the extreme highs and 
lows that have occurred. Figure 18 shows the annual departures from the 
median value of precipitation at Buffalo and runoff at Linden for their 
respective periods of record. Two median lines for precipitation are shown; 
one for the total period of record, the other corresponding to the period of 
streamflow record at Linden. The 1913-64 median precipitation is about 
1.2 inches less than the 1872-1964 median. Average discharge recorded at 
Linden, therefore, is probably somewhat less than would be expected from the 
longer period. The wide range in historical annual runoff of Little 
Tonawanda Creek can be seen in figure 18. Runoff has ranged from nearly 
12 inches above to nearly 6 inches below the median. It should be noted 
that these extremes in runoff did not occur during the same years as the 
extremes in precipitation. 


Figure 19 shows cumulative departures from mean annual runoff of Little 
Tonawanda Creek. This graph indicates, in a very general way, a balance 
between first, an essentially deficient span of a quarter of a century and 
then, a comparable period of excess. The maximum deficiency has been about 
17 inches and maximum surplus has been about 14 inches. 


Records from gaging stations indicate that periods of excessive flow 
usually occur at the same time throughout the basin. Deficient flows 
likewise occur concurrently throughout the basin. Figure 20 shows annual 
runoff as percent of mean annua1 runoff for gaging stations with several 
years of record. Computed values of mean annual runoff are not precisely 
comparable because of the differing lengths of record at the gaging stations. 
Nevertheless, there is a clear indication that periods of either excess or 
deficient runoff occur at the same time throughout the entire area. There- 
fore, the record for Little Tonawanda Creek probab1y indicates the 1ong-term 
trends of runoff. 
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Figure 19.--Cumu1ative departure of annual runoff from mean annual 
runoff of Little Tonawanda Creek at Linden. 
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Fieldhouse and Pa1mer (1965), in their study of meteorological drought 
in the Northeast, evaluated monthly temperature and precipitation data to 
describe the periods of drought that occurred from 1929 to 1963. 
Dr. A. Boyd Pack, New York State Climatologist, Cornell University, (written 
communication) used similar data to extend the study through December of 
1966. Table 8 explains the classes by which the droughts are described, and 
the results of the combined analyses are shown in table 9. It is of interest 
to note that for each climatic division (fig. 4) of western New York, the 
number of drought months is close to half the total number of months for 
the period 1929 to 1963. 


Table 8.--Explanation of the classes used by Fie1dhouse and 
Palmer (1965) to describe wet and dry peri ods 
Monthly value Class 

 4.00 ex t reme I y we t 
3.00 to 3.99 very wet 
2.00 to 2.99 moderately wet 
1.00 to 1.99 slightly wet 
.50 to .99 incipient wet spel1 
.49 to -.49 nea r norma I 
-.50 to -.99 incipient drought 
-1.00 to -1.99 mild drought 
-2.00 to -2.99 moderate drought 
-3.00 to -3.99 severe drought 

 -4.00 extreme drought 


Figure 21 shows percent of monthly average streamflow from available 
gaging-station records in the basin during selected severe drought periods, 
including 1962 to 1965, when this study was underway. It can be seen from 
the figure and tab1e 9 that the drought conditions from 1962 to 1965 were 
not the worst on record. 


SEASONAL VARIATIONS 


Streams in the Erie-Niagara basin, in common with most streams in the 
Northeast, usua11y have a wide range of seasonal flow. The distribution of 
annual runoff by months throughout the Erie-Niagara basin is shown in 
figure 22. Streamf10w for March and April together amounts to about 40 to 
50 percent of the annual total. At the other extreme, total streamflow for 
the period Ju1y through September amounts to only 2 to 4 percent of the 
annual total. These differences are the result of the nature of the hydro- 
10gic system. Even though the seasonal distribution of precipitation is 
relatively uniform, the decreasing rate of evapotranspiration in late fall 
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Table 9.--Drought summary for the Central Lakes, Great Lakes, 
and Western Plateau climatic divisions 
of New York State 


January 1, 1929 -- December 31, 1966 


CENTRAL LAKES 


Number of drought months 
S ta rt End Maximum Incipient Mild Moderate Severe Extreme Total 
No. Mo. Year Mo. Year severity -0.5 -1.0 -2.0 -3.0 -4.0 
I 3 1929 3 1929 -0.97 1 1 
2 2 1930 2 1930 - .52 1 1 
3 4 1930 5 1930 - .62 2 2 
4 8 1930 3 1935 -5.03 3 14 14 16 9 56 
5 5 1936 12 1936 -3.10 1 1 4 2 8 
6 5 1939 1 1940 -3.72 3 3 3 9 
7 2 1941 1 1942 -3. 75 2 5 3 2 12 
8 4 1942 6 1942 -1.03 2 1 3 
9 1 1944 1 1944 - .88 1 1 
10 8 1944 11 1944 -1.29 2 2 4 
11 4 1945 4 1945 - .59 1 I 
12 2 1946 4 1946 -2.56 1 2 3 
13 10 1947 2 1948 -1.38 5 5 
14 9 1948 12 1948 - .77 4 4 
15 2 1949 1 1950 -4.03 1 3 5 2 1 12 
16 4 1950 5 1950 -1.15 1 1 2 
17 5 1951 5 1951 - .79 1 1 
18 8 1951 10 1951 -1.55 2 1 3 
19 4 1952 4 1952 - .69 1 1 
20 6 1952 4 1953 -1.74 1 10 11 
21 10 1953 1 1954 -1.92 1 3 4 
22 4 1955 7 1955 -3.52 1 1 1 1 4 
23 9 1955 9 1955 - .57 1 1 
24 10 1957 12 1957 - .99 3 3 
25 5 1959 9 1959 -1.90 2 3 5 
26 3 1960 4 1960 -1.06 1 1 2 
27 9 1960 1 1961 -3.72 2 1 1 1 5 
28 9 1961 8 1962 -2.17 7 3 2 12 
29 3 1963 7 1963 -1.13 3 2 5 
30 10 1963 10 1963 -1.53 1 1 
31 2 1964 2 1964 - .52 1 1 
32 6 1964 8 1966 -3.77 3 9 9 6 27 
Number of dry months, 1929-66.... 53 70 44 33 10 210 
Percent of 456 months, 1929-66... 11 .6 15.4 9.6 7.2 2.2 46.1 
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Table 9.--Drought summary for the Central Lakes, Great Lakes, 
and Western Plateau climatic divisions 
of New York State (Continued) 


January 1, 1929 -- December 31, 1966 


GREAT LAKES 


Number of drought months 
Sta rt End Maximum Incipient Mild Moderate Severe Extreme Total 
No. Mo. Year Mo. Year severity -0.5 -1.0 -2.0 -3.0 -4.0 
1 2 1929 3 1929 -0. 71 2 2 
2 9 1929 9 1929 - .68 1 I 
3 4 1930 5 1930 - .79 2 2 
4 8 1930 12 1931 -3.63 6 5 6 17 
5 9 1932 9 1932 - .60 1 1 
6 1 1933 2 1933 - .97 2 2 
7 4 1933 4 1933 - .76 1 1 
8 6 1933 12 1936 -4.46 3 9 12 13 6 43 
9 3 1938 6 1938 -1.28 1 3 4 
10 10 1938 12 1938 - .75 3 3 
11 5 1939 1 1940 -2.95 1 5 3 9 
12 10 1940 11 1940 - .57 2 2 
13 2 1941 1 1942 -4.20 1 1 2 6 2 12 
14 12 1943 3 1944 -1.22 1 3 4 
15 8 1944 11 1944 -1.84 2 2 4 
16 1 1946 4 1946 -2.73 2 2 4 
17 10 1947 1 1948 -1.17 3 1 4 
18 8 1948 9 1948 -1.04 1 1 2 
19 3 1949 12 1949 -2.31 3 2 5 10 
20 8 1951 10 1951 -1.02 2 1 3 
21 4 1952 4 1952 - .79 1 1 
22 6 1952 4 1953 -2.44 1 7 3 11 
23 6 1953 7 1953 - .83 2 2 
24 10 1953 1 1954 -1.68 1 3 4 
25 5 1954 7 1954 -1.15 2 1 3 
26 1 1955 2 1955 - .77 2 2 
27 5 1955 7 1955 -2.80 1 1 1 3 
28 9 1955 9 1955 - .55 1 1 
29 2 1957 3 1957 -1.07 1 1 2 
30 8 1957 8 1957 - .57 1 1 
31 10 1957 5 1958 -1 . 45 3 5 8 
32 5 1959 9 1959 -1.90 3 2 5 
33 3 1960 5 1960 -1.24 2 1 3 
34 7 1960 1 1961 -4.51 2 3 1 1 7 
35 9 1961 5 1962 -1.96 2 7 9 
36 2 1963 7 1963 -1 . 71 2 4 6 
37 9 1963 11 1963 -1.84 2 1 3 
38 2 1964 2 1964 - .85 1 1 
39 6 1964 7 1964 - .63 2 2 
40 9 1964 10 1965 -1.98 5 9 14 
41 6 1966 7 1966 - .79 2 2 
Number of dry months, 1929-66.... 73 76 36 26 9 220 
Percent of 456 months, 1929-66... 16.0 16.7 7.9 5.7 2.0 48.3 


- 39 - 



Table 9.--Drought summary for the Central Lakes, Great Lakes, 
and Western Plateau climatic divisions 
of New York State (Continued) 


January 1, 1929 -- December 31, 1966 


WESTERN PLATEAU 


Number of drought months 
Sta rt End Maximum Incipient Mild Moderate Seve re Extreme Total 
No. Mo. Year Mo. Year severi ty -0.5 -1.0 -2.0 -3.0 -4.0 
I 3 1929 3 1929 -0.60 1 I 
2 4 1930 5 1930 - .65 2 2 
3 7 1930 4 1933 -5.39 1 12 I 1 4 6 34 
4 2 1934 5 1935 -3.59 1 2 7 6 16 
5 5 1936 9 1936 -2.89 1 1 3 5 
6 3 1938 5 1938 - .99 3 3 
7 5 1939 8 1939 -3.15 3 1 4 
8 I 1 1939 11 1939 - .54 1 1 
9 1 1940 1 1940 - .55 I 1 
10 2 1941 1 1942 -2.98 1 4 7 12 
11 9 1943 9 1943 - .97 1 1 
12 12 1943 3 1944 -1.41 1 3 4 
13 8 1944 8 1944 - .97 1 1 
14 1 1946 4 1946 -2.83 1 1 2 4 
15 10 1947 2 1948 -1 .48 1 4 5 
16 9 1948 12 1948 - .80 4 4 
17 2 1949 12 1949 -3.99 1 3 4 3 11 
18 5 1951 5 1951 -1.17 1 1 
19 8 1951 10 1951 -2.33 2 1 3 
20 6 1952 7 1955 -3.73 4 23 9 2 38 
21 9 1955 9 1955 - .64 1 1 
22 2 1957 3 1957 - .98 2 2 
23 8 1957 12 1957 -2.57 3 2 5 
24 5 1959 9 1959 -2.30 4 1 5 
25 3 1960 4 1960 -1.36 1 1 2 
26 8 1960 1 1961 -4.34 1 2 1 2 6 
27 9 1961 1 1962 - .96 5 5 
28 3 1962 3 1962 -1.06 1 1 
29 5 1962 8 1962 -1.65 4 4 
30 2 1963 11 1966 -3.91 4 25 11 6 46 
Number of dry months, 1929-66.... 40 99 59 22 8 228 
Percent of 456 months, 1929-66... 8.8 21.7 12.9 4.8 1.8 50.0 
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and early winter provides a greater opportunity for ground-water recharge 
and discharge and, therefore, streamflow increases. By early spring, 
recharge of ground-water reservoirs has approached a maximum, evapotranspi- 
ration losses are negligible, and most of the precipitation and snowmelt 
reaches the streams as overland runoff. In May, the growing season begins, 
and evapotranspiration increases with air temperature. From late spring 
through the summer, ground-water storage decreases and is not usually 
replenished. Therefore, the rate of ground-water discharge to streams also 
decreases during this period, and the resultant streamflow is the lowest of 
the year. 


SHORT-TERM VARIATIONS 


Consideration of the range of short-term variations of streamflow is 
also important. Figure 23 shows annual extremes of daily streamflow and 
annual instantaneous maximum streamflows for the period of record at 
selected gaging stations in the Erie-Niagara basin. Investigation of the 
streamflow records shows that almost all of the annual minimum daily 
discharges have occurred sometime during the period July through October. 
However, the maximum daily and maximum instantaneous streamflow has not 
always occurred during March or April which are the months when most of the 
annual runoff usually occurs. Annual maximum instantaneous streamflow at 
Linden has occurred any time from mid-November to June but, as shown in 
figure 24, it has usually occurred between mid-February and mid-April. 
Although, as has been demonstrated previously, the streams in the basin 
usually have similar variations of annual and seasonal flow. The same 
consistency is not true of daily and instantaneous flows. For example, the 
highest flood of record on Scajaquada Creek occurred on August 7, 1963, 
while other streams in and near the area showed only slight to moderate 
increases in flow. 


Figure 25 is a hydrograph of the 5-day moving average of median daily 
flows of Little Tonawanda Creek at Linden for the period 1930-58. The line 
in the figure joins a plotting of discrete points and should not be taken to 
represent continuity of streamflow. The hydrograph was prepared to give an 
indication of the variability of daily median flows, but is representative 
only of discharges experienced within the specified period of record. 
Values for the 5-day moving average of median daily flow ranged from less 
than 0.04 cfsm (cubic feet per second per square mile) in September and 
October to almost 4 cfsm in April. 


DURATION OF STREAMFLOW 


The variations of streamflow can be expressed by flow-duration curves 
which are cumulative frequency curves of discharges (usually on a daily 
basis) that have occurred during a specified period. Most of the duration 
curves in this report have been adjusted to represent the 1931-60 normal 
period. Duration curves for gaging stations in the Erie-Niagara basin are 
given in figures 26, 27, and 28. The curve for Cattaraugus Creek near 
Arcade (fig. 26) shows, for example, that a discharge of 11 cfsm is equaled 
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Figure 24.--Seasonal occurrence of annual maximum instantaneous 
streamf10w of Litt1e Tonawanda Creek at Linden. 
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Figure 25.--Five-day moving average of median dai1y f10ws 
of Litt1e Tonawanda Creek at Linden 
for the period 1930-58. 


or exceeded 2 percent of the time (or an average of 2 out of 100 days over 
an extended period of time) and that a discharge of 0.2 cfsm is equaled or 
exceeded 98 percent of the time. 


By comparing the shapes of the streamf10w-duration curves, the relative 
effect of different factors on the regimens of the streams may be surmised. 
To facilitate comparison, the duration curves for the basin were computed 
in flow units of cfsm. A stream whose flow is largely the result of direct 
overland runoff (because ground water inflow is small) wi11 have a duration 
curve with a steep s10pe throughout the range of flow; an example is Cayuga 
Creek near Lancaster (fig. 27). The duration curve for Scajaquada Creek 
(fig. 27) has a decreasing slope from the 30-percent point to the lower end 
of the curve because of augmentation from sewage inf10w. Sustained releases 
of water from surface- or ground-water storage is indicated by a flat s10pe 
in the 10wer portion of some of the other duration curves. A flat slope in 
the upper end of a duration curve indicates conditions that tend to equalize 
daily flood f10ws, such as flood-plain storage or a 1arge percentage of 
basin drainage coming from swamps or lakes. In figure 28, the flat high end 
of the duration curve for Tonawanda Creek at Rapids at least partly reflects 
flood-plain storage in the reach from Alabama downstream to Rapids. 


During this study, streamflow measurements were made at more than 
100 sites within the basin to supp1ement the data available from the 
long-term gaging stations. In addition, there are approximately 140 other 
sites in the basin, at which from 1 to 6 streamflow measurements have been 
made subsequent to 1950. Table 10 lists all these sites in downstream order 
and gives the results of the measurements. 


Table 11 lists flow-duration information for a11 sites in the basin 
where sufficient data have been co11ected to permit such analysis. Average 
annual runoff at long-term gaging stations in the Erie-Niagara basin, as 
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Figure 26.--Duration curves of daily streamflow for gaging stations 
in the Cattaraugus Creek basin. 
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Figure 27.--Duration curves of daily streamflow for gaging stations 
in basins between Cattaraugus and Tonawanda Creeks. 
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Figure 28.--Duration curves of daily streamflow for gaging stations 
in the Tonawanda Creek basin. 
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Tab1e 10.--Resu1ts of streamflow measurements at 10w-flow sites 
in the Erie-Niagara basin 


I Drainage 
New York State number area Date Cfs Date Cfs Date Cfs Date Cfs Date Cfs 
Lati tude Longi tude Measuring si te name (sq mi) Measurements 
E23(65.7) Cattaraugus Creek 7- 2-63 1.00 
42 ° 3 7'20" 78°20 '28" at East Java 
E23(61.7) Cattaraugus Creek 13.4 5-27-63 7.81 7- 2-63 5.66 9- 9-63 3.08 6-26-64 7.68 8- 7-64 2.27 
42°34' 11" 78°20'47" at East Arcade 9-11 -64 1. 51 
E23-67( 0.7) Spring Brook 7- 2-63 3.27 
42°33'45" 78°20'36" at East Arcade 
E23(56.7) Catta raugus Creek 41.5 4-17-63 42.3 5- 7-63 29.2 7- 2-63 14.2 9- 9-63 7.59 6-26-64 16,5 
42°32' 09" 78°25'14" at Arcade 8- 7-64 6.89 9-11-64 4.65 
E23-56(7.5) Clear Creek 
42°29' 18" 78°19' 16" at Freedom 7- 4-63 .64 
E23-56(6. 0) Clear Creek 7- 4-63 .52 
42°28' 50" 78°20'50" nea r Freedom 
E23-56 (4. 7) Ch
ar Creek 15.7 5- 6-63 17.4 7- 4-63 7.41 9-10-63 3.72 6-25-64 7.66 8- 7-64 4.94 
42°29'16" 78°22'07" at Sandusky 9-11-64 3.50 
E23-56-11 (0. I) Skim Lake Outlet 1.85 6-25-63 1.87 7- 4-63 1.70 9-10-63 .63 6-25-64 2.10 8- 7-64 1.41 
42°29'24" 78°22'47" at Sandusky 9- 1 1 -64 .93 
E23-51 (0.8) Tributary Cattaraugus Creek 7- 4-63 .31 
42°32'28" 78°28'51" at Chee ry Tave rn 
E23-50(1.0) Hosmer Brook at Sa rd i n i a 7- 4-63 7.33 
42°32'28" 78°30'16" 
E23-50(0.2) do. 10.6 6-25-63 9.80 7- 4-63 10.7 7-12-63 8.02 5- 7-64 19.6 6-25-64 11.3 
42°31'40" 78° 30 '29" 7-22-64 9.20 9- 8-64 6.93 
E23-48( 14. 0) Elton Creek 9.62 5- 6-63 4.38 9-10-63 .96 6-25-64 .92 8- 7-64 .49 9-11-64 .26 
42°25'50" 78°21 '40" at Farmersvi lIe Stat ion 
E23-48( 13.0) Elton Creek 7- 4-63 4.09 
42°25' 18" 78°22'27" near Farmersvi lIe Station 
E23-48(8.1 ) Elton Creek at Elton 7- 4-63 8.21 
42°26'56" 78°25.'44" 
E23-48(6.7) EI ton Creek near E1 ton 33.3 9-22-60 6.06 
42°27'48" 78°26'42" 
E23-48(3.6) Elton Creek at Delevan 35.4- 5- 6-63 30. I 7- 4-63 19.2 7-12-63 9.81 9-10-63 8.90 6-25-64 17.3 
42°29'21" 78°28'58" 9- 8 -64 10.3 
E23-48- 3 (4.8) Lime Lake Outlet at Lime Lake 7- 4-63 7,50 
42°26' 07" 78°28' 34" 
E23-48-3(0.4) Lime Lake Outlet at Delevan 17.6 9-22 -60 9,38 7- 4-63 18.7 
42°29'20" 78°29'12" 
E23-48(3. 1 ) Elton Creek at Delevan 54.1 9-22 -60 16.9 
42°29'39" 78°29' 13" 
E23-43( 1. 7) Dresser Creek near Sardinia 7- 4-63 ,15 
42°31'47" 78°33'37" 
E23-43(0,2) Dresser Creek near The Forks 3.61 7- 4-63 ,27 6-12-64 1.03 9- 8-64 .22 
42°30'39" 78°34'04" 
E23-42 ( 1.8) Hyler Creek near Sard i n i a 7- 4-63 .22 
42°31'45" 78°34'54" 
E23-42 (0.0) do. 2.53 7- 4-63 .42 
42°30'47" 78°34'27" 
E23(46.9) Cattaraugus Creek 7- 5-63 77.6 
42° 30' 51" 78° 34' 57" near Springvi lie 
E23-34(0. 1) Stony Brook at Bigelow Bridge 1.67 6-12-64 .19 9- 8-64 .06 
42°29'30" 78°38'30" 
E23-33(5.0) Buttermi lk Creek 9.12 10-31-60 1.45 12-20-60 2.14 6-29-61 3.08 10-19-61 1.80 11-20-61 8.91 
42°26'39" 78°37'48" at Ricevi lIe Station 12- 6-61 15.7 1- 8-62 26.3 9-2 0-62 1.97 7- 4-63 1.37 
E23-33-6( 1.4) Gooseneck Creek at Ricevi lIe 6.49 5- 6-63 7.47 7- 4-63 1.95 6-12-64 3.41 9- 8-64 1.61 
42°26'29" 78°36'40" 
E23-33-6( 1. 0) do. 7.26 10-31-60 1,62 12-20-60 2.20 6-29-61 4.84 10-19-61 2.20 1 - 8-62 17.4 
42°26'31" 78° 36' 54" 
E23-33-6(0.0) Gooseneck Creek at mouth 7.76 11-20-61 7.52 12- 6-61 13. I 9-20-62 1.93 
42°26'18" 78°37'59" near Riceville 
E23-33-5(1.6) Tributary Buttermi lk Creek 2.08 10-19-61 .32 
42 °25' 05" 78° 38' 33" at Fox 
E23-33-5(0. 1) Tributary Buttermilk Creek 3.02 11-20-61 3.61 12- 6-61 5.41 9-20-62 .26 
42°26'13" 78°38'03" near Fox 
E23-33-4(0. 1) Tributary No.2 Buttermilk Creek 1.69 10-19-61 .14 11-20-61 2.43 12- 6-61 2.66 9-20-62 .24 
42°26'38" 78°38'22" near Riceville 
E23-33-3(0.1) Tributary No.3 Buttermi Ik Creek 1.38 10-19-61 .17 11-20-61 .74 12- 6-61 1.79 9-20-62 .20 
42°27'06" 78°38'31" near Ricevil1e 
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Table 10.--Results of streamflow measurements at low-flow sites 
in the Erie-Niagara basin (Continued) 


Drainage I I Cfs I I Cfs 
New York State number area Date Cfs Date Cfs Date Cfs Date Date 
Lati tude Longi tude Measuring site name (sq mi) MeasuremenLS 
E23-33C3.1) Buttermi Ik Creek near Ricevi lIe 23.8 12-2 0-60 4.18 
42'27'26" 78'38'40" 
E23-33-2-3 (0. 0) Tributary Franks Creek, 6-28-62 Trace 9-20-62 Trace 
42'27'00" 78°38'47" at mouth, near Ricevil1e 
E23-33-2 (0.7) Franks Creek near Ricevi lIe 6-28-62 <.01 9-20-62 <.02 
42 °27' 01" 78°38 '46" 
E23-33-2-2 (0. 0) Tributary No. 2 Franks Creek, 4-18-62 .22 6-28-62 Trace 9-20-62 Trace 
42'27'20" 78°38' 58" at mouth, near Ricevi lIe 
E23-33-2 (0.4) Franks Creek near Ricevi lIe 4-18-62 .35 6-28-62 <.01 9-2 0-62 <.02 
42'27'21" 78'38'57" 
E23-B-2-1 (0.0) Tributary No. 3 Franks Creek, at 4-18-62 1.26 6-28-62 Trace 9-20-62 Trace 
42°27'33" 78'39' 13" mouth, nea r R i cev I 11 e 
E23-33-2 (0. 2) Franks Creek near Rlcevi lIe 6-28-62 . 01 9-2 0-62 <. 05 
42'27'34" 78'39' 12" 
E23-33-2(0.1) do. 2.61 10-19-61 .11 11-20-61 2.47 12- 6-61 3.98 4- 18-62 4.94 6-28-62 . 08 
42°27'45" 78'39'11" 9-2 0-62 . 10 
E23-33-1 (0.1) Tributary No. 5 Buttermi Ik Creek 2. 07 10-19-61 .13 II -2 0-61 .54 12- 6-61 .82 9-20-62 . 10 
42'28'02" 78°39'32" near Ricevi lIe 
E23-33(0.4) Buttermilk Creek near Springvi lIe 30. a 11-20-61 30. I 12- 6-61 46. a 
42'28'49" 78'40'29" 
E23-32(4. 0) Sp ring Brook nea r Sp r i n gv i II e 7- 4-63 5.16 
42'31'50" 78°39'31" 
E23-32(2.6) Spring Brook at Springvi lIe 8. 06 5- 6-63 14.4 7- 4-63 6.84 7-12-63 5.89 5- 7-64 13.4 6-23-64 7.37 
42°30'45" 78'39'48" 7-2 I -64 6.43 9- 9-64 5.18 
E23-32(0.1) Spring Brook at Felton Bridge 11.5 7- 4-63 8.49 
42'28'52" 78'41 '05" 
E23-30 (4. 8) Spoone r C reek at Concord 3.35 6-25-63 1.46 7- 4-63 1.17 5- 7 -64 3.67 6-23-64 1.44 7-21-64 I. 04 
42°32'05" 78'43'54" 9- 2-64 1.12 
E 2 3-30(2.3) Spooner Creek near Springvi lie 7- 4-63 1.76 
42°30'31" 78°42'26" 
E23-30(0.4) Spooner Creek near Scobey Bridge 12.8 7- 4-63 2.56 
42'29' 17" 78°43' 18" 
E23-28(0.1) Derby Brook at Frye Bridge 6.26 7- 4-63 1.96 6-11 -64 2.26 9 - 2 -64 I. 58 
42'28'29" 78'45'00" 
E23-2 7( 6.8) Connoi sarauley Creek 7- 4-63 .85 
42'24'01" 78'40'48" at Ashford Hollow 
E23-2 7( O. I) Connoi sarauley Creek 21.9 5- 6-63 16.6 7- 4-63 2.47 6-30-64 3.00 9- 2-64 3.24 
42'28'14" 78'44'53" at Frye Bridge 
E23- 2 5(0.3) Coon Brook near loar Bridge 3.93 7- 4-63 .76 6-1 1-64 1.55 9- 2 -64 .94 
42°27'40" 78°46'50" 
E23 (26. 9) Cattaraugus Creek 310 5- 7-63 307 7- 5-63 110 6-1 1-64 119 9- 3-64 76.4 
42'27'23" 78'48'47" at loar Bridge 
E23-21 (0.2) Waterman Brook near loar Bridge 8. II 6-26-63 .45 7- 4-63 .25 7-12-63 .31 6-11-64 1.32 9- 2-64 .37 
42'26'44" 78'49'36" 
E23-20( 18.5) South Branch Cattaraugus Creek 7- 5-63 1.40 
42°23'31" 78'45'18" at East Otto 
E23-20- 12 (0.6) Tr I butary South Branch 7- 5-63 .03 
42'22'29" 78'48'32" Cattaraugus Creek near Otto 
E23-20-11 (5.5) Mansfield Creek at Maples 7- 4-63 2.17 
42°19'52" 78°43'29" 
E23-20-11 (1.8) Man s fie 1 d Creek nea r Eddyv I 11 e 25.3 5-27-63 12.4 7- 5-63 5.09 5-18-64 15.2 6- 30-64 5.34 7-21-64 5.99 
42°20'56" 78'47'10" 9- 3-64 5.42 
E23-20-11-2 (2. 0) Jersey Hollow Brook 7- 5-63 . 08 
42 ° 2 a '09" 78' 48 ' 08" at Jersey School near Otto 
E23-20-7( o. 3) Gowan Hollow Brook at Cattaraugus 14.6 5-27-63 4.86 7- 5-63 1.97 5-18-64 6.69 6- 30-64 1.28 9- 3-64 1.64 
42°20' 02" 78'51' 18" 
E23-20(9.4) South Branch Cattaraugus Creek 7- 5-63 12.2 
42'20'24" 78'51 '29" at Cattaraugus 
E23-20( 1.2) South Branch Cattaraugus Creek 7- 4-63 13.5 
42'25'34" 78'53'49" at Forty Bridge near Gowanda 
E23-18( 1.4) Grannis Brook at Gowanda 2.10 6- 7-55 .11 
42'28' 03" 78°54'52" 
E23-17(1.1) Tha tche r B rook at Gowanda 6.74 6-11 -64 2.33 9- 4-64 I. 54 
42'27'20" 78°56'23" 
E23-6( 9. I) Clear Creek at ColT Ins 21.3 5- 6-54 23.7 
42°29'40" 78° 55' 45" 
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Tab1e 10.--Results of streamflow measurements at 1ow-f1ow sites 
in the Erie-Niagara basin (Continued) 


Drainage 
New York State number area Date Cfs Date Cfs Date Cfs Date Cfs Date Cfs 
Lati tude Longi tude Measuring si te name (sq mi) Measurements 
E23-6-4 (7.8) North Branch Clear Creek 2.09 5- 7-54 2.00 6- 8- 54 0.04 7-14-54 0 8- 3-54 0 9-13-54 0 
42°34' 00" 78°50'50" near Langford 10-20-54 1.48 11- 9-54 1.68 12- 2-54 4.65 1- 6-55 14.6 2- 1-55 0 
4- 2-55 3.28 5- 4-55 .18 
E23-6-4(0.7) North Branch Clear Creek 20.4 6- 1-63 3.48 7- 2-63 .43 6- 30-64 .55 9- 4-64 .56 
42°31'30" 78°56'32" nea r Lawton s 
E23-6(0.9) Clear Creek near Iroquois 55.8 3-20-63 812 3-22-63 194 4- 4-63 510 5- 7-63 22.8 6-26-63 4.47 
42° 32 '34" 79° 00 '56" 7- 2-63 3.53 8- 6-63 3.73 9-25-63 6.31 3-14-64 1,040 7 - 9-64 7.08 
9- 4-64 5.62 
E23-5(1.8) Big Indian Creek near Versai lies 4.55 6-26-63 .02 7- 2-63 Trace 6-30-64 .09 9- 4-64 .03 
42 ° 3 1 ' 09" 79° 02 '49" 
E23(1.6) Cattaraugus Creek at I rv i ng 549 6-26-63 141 7- 5-63 146 7-12-63 116 6-29-64 129 9- 4-64 134 
42 ° 34' 05" 79°06' 16" 
E20(8.5) Big Si ster Creek at Pontiac 26.8 6- 1-63 6.16 7- 2-63 0 5 - 8-64 5.78 6-29-64 .56 9 - 4-64 1.9 
42 ° 37'2 7" 78'58' 05" 
E20-2(0.8) Rythus Creek near Pontiac 7- 2-63 .01 
42' 38'23" 78°58'14" 
E 15( I. I) Pike Creek at Jerusalem Corners 7- 2-63 .04 
42'41'32" 79' 00' 08" near East Evans 
E 15 (0. 5) Pike Creek nea r High 1 and-on-the- 7- 2-63 .01 
42 '42' 02" 79' 00' 09" Lake 
EI3(25.5) E i ghteenmi 1 e Creek 7- 4-63 I. 39 
42 ° 34'45" 78'41'43" near Fowlervil1e 
EI3(22.8) Eighteenmi Ie Creek 12.3 6-25-63 2.08 7- 4-63 2.38 7-12-63 1.88 6-23-64 2.85 9- 2 -64 2.81 
42 ° 36 ' 2 I" 78°43'21" at Fowlerville 
EI3(20.6) E i ghteenmi I e Creek at Bos ton 7- 4-63 4.48 
42 °37'42" 78'44'29" 
EI3-9(0.1) Chestnut Ridge Drainage 7- 4-63 .24 
42°42'03" 78'47' 34" near North Boston 
E 13-8( o. 3) Neuman Creek at Hambu rg 6.36 6- 1-63 I. 19 7- 4-63 .22 5 - 4-64 1.99 6-23-64 .45 9-1 1-64 .08 
42 °42 '48" 78'48' 33" 
E I 3 -6 ( I .3) Hampton Brook nea r Hambu rg 6.51 6- 1-63 .88 7- 2-63 .05 5-11 -64 1.86 6-23-64 .24 9- 3-64 . 10 
42°41 '28" 78'50'02" 
EI3-4(15.5) South Branch Eighteenmi Ie Cree k 5-13-63 7.57 7- 2-63 .98 
42 ° 35'24" 78'47' 32" at New Oregon 
EI3-4(ll.0) South Branch Ei ghteenmi Ie Creek 28.2 5-13-63 15. I 7- 2-63 I. 06 5-11-64 12.0 6-23-64 2.90 9- 3-64 2.14 
42°37'29" 78'50' 18" at C I arksbu rg 
EI30.8) Eighteenmi Ie Creek 62.6 8-18-60 3.06 9-15-60 1.28 
42 '42' 46" 78'52'40" near Hamburg 
0(5.3) Rush Creek at Hamburg 2.33 6-23 -64 .52 9-11-64 .27 
42°44'55" 78'48' 36" 
E2( 11.4) Smoke Creek near Orchard Park 3.08 9-15-54 0 
42'46'15" 78' 42 '40" 
E2-2 (0.6) Tributary Smoke Creek 5.78 6- 3 -63 .72 7- 4-63 .21 10- 3-63 .26 5- 4-64 2.62 6-29-64 .22 
42°47'20" 78°44'25" near 0 rchard Park 7-31-64 .14 9-10-64 .16 
E2(6.9) Smoke C reek on Be rg Road 11.3 8-18-60 .59 
42°48'13" 78'46' 15" near Lackawanna 
E2-1 (4.8) South B ranch Smoke Creek 9.41 6-2 I -63 .85 7- 2-63 .24 5- 4-64 4.12 6-29-64 .44 9-10-64 .26 
42°46'49" 78'47'05" near Orchard Park 
E2-1 (3.2) South Branch Smoke Creek 13.4 8- 8-58 1.25 
Y42 '47' 39" (above sewage treatment 
..!.178° 48' 12" pI ant) at Windom 
E2-1 (2.2)' Sou th B ranch Smoke Creek 13.6 9-15-54 .46 6- 9-55 .83 
42°48'20" 78°48'35" on Wi llett Rd. 
at Lackawanna 
E 1 (42.2) Buffalo Creek 11.3 5-27-63 5.28 7- 5-63 2.10 9- 9-63 1.84 5- 6-64 7.59 6-26-64 3.32 
42°39'31" 78'26'46" near Java Vi 1 1 age 9-10-64 1.15 
EI-59(0.3) Plato Brook near Java Vi 11 age 3.63 5- 5 -64 1. 17 7-22-64 .13 9-10-64 .05 
42°39'28" 78°26'19" 
E 1-58( o. 0) Tri butary Buffalo Creek 6.65 5-27-63 3.74 7- 5-63 1. 17 9- 9-63 I. 07 5- 5-64 4.88 6-26-64 1.41 
42° 39 '47" 78°26'25" at Java Vi 11 age 9- I 0-64 .87 
EI-55(3.2) Beaver Meadow Creek 7- 4-63 1.83 
42°39'57" 78°23'22" near Java Center 
EI-55-1 (0.8) Tributary Beaver Meadow Creek 7- 4-63 .60 
42°40'19" 78°24'16" near Java Vi 11 age 
EI-55(0.1) Beaver Meadow Creek 11.4 5-27-63 6.08 7- 4-63 2.36 9- 9-63 2.46 5- 5-64 6.50 6-26-64 2.02 
42°40' 19" 78°26'10" at Java Vi 11 age 9- 1 0-64 1.02 
E 1 (40.9) Buffalo Creek at Java Vi l1age 5- 8-63 21.6 7- 5-63 7.10 
42°40'23" 78°26'20" 


4 


y Corrected. 
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Table 10.--Results of streamf10w measurements at low-f10w sites 
in the Erie-Niagara basin (Continued) 


Drainage Cfs 
New York State number area Date Date Cfs Date Cfs Date Cfs Date Cfs 
Lat i tude Long i tude Measuring site name (sq mi) Measurements 
EI-45(0.6) Glade Creek at Strykersvi lie 4.08 5-27-63 0.47 7- 4-63 0.21 9- 9-63 0.20 5- 5-64 0.77 6-12-64 0.29 
42 °42' 28" 78°27' 07" 9-10-64 .02 
EI-40(2.7) Sheldon Creek at Dutch Hollow 7- 5-63 .44 
42°44' 13" 78°26'28" 
EI-40(0.2) Sheldon Creek near Strykersvi lie 14.3 7- 4-63 1. 18 6-12-64 .73 9-10-64 .03 
42°43'19" 78°28' 06" 
EI-31 (2.0) Stony Bottom Creek 7- 5-63 .31 
42°46'11" 78°29'15 near Wales Center 
EI-30(9.8) Hunter Creek at Hunter Creek 7- 2-63 . 10 
42°40' 56" 78°30'36" Chu rch nea r Ho 11 and 
EI-30(0.3) Hunter Creek near Wales Center 11- I 5-62 6.24 
42°45'38" 78°31'46" 
EI (29.5) Buffalo Creek at Wales Center 11-15-62 32.9 
42°46'05" 78°31'52" 
E 1-22(1.1) Tributary Buffalo Creek 7- 2-63 Trace 
42 ° 46 ' 54" 78°35'19" near East Aurora 
EI-22(0.2) do. 7- 4-63 .08 
42°47' 37" 78°35'14" 
EI-21(0.5) do. 1.04 7- 4-63 .58 5-18-64 .87 7-22-64 .23 9- 8-64 .30 
42°47' 36" 78°35'33" 
EI-15(5.3) Pond Brook near East Aurora 1. 36 5- 5-64 .30 7 -22 -64 .02 9- 8-64 Trace 
42°47'31" 78°36'41" 
EI-15(4. 1) do. 7- 4-63 .23 
42 ° 48' I 8" 78° 37' 10" 
EI-15(0.0) Pond Brook at Elma 6.17 6- 3 -63 .38 7- 4-63 .50 7-12-63 .02 10- 3-63 .09 6-12-64 .51 
42°50'54" 78°38' 26" 7-28 -64 .02 9- 2-64 .05 
E I (18.0) Buffalo Creek at Elma 133 5- 8-63 57.6 7- 5-63 25.5 7-12-63 10.2 10- 3-63 12.0 6-12-64 23.4 
42°50'55" 78°38'28" 7-28-64 10.4 9- 2-64 6.92 
El (l5.6) Buffalo Creek near Blossom 6-20-63 17.6 
42°50'41" 78°40' 35" 
El (13.8) Buffalo Creek at Blossom 7- 4-63 31.4 
42°51'34" 78°41 '50" 
EI-6(30.6) Cayuga Creek 13.6 6- 3-63 2.19 7- 5-63 .86 10- 2-63 .71 10-15-63 .73 5-20-64 5.58 
42°47'30" 78°23' 53" near Persons Corners 6-22 -64 1.33 7-28-64 .25 9- 3-64 .32 
EI-6-30(2.2) Right B ranch Cayuga Creek 10.4 6- 3-63 .94 7- 5-63 .13 7-12-63 .01 10- 2-63 .02 5-20-64 1.77 
42 ° 50' 07" 78° 23 I 54" at Bennington 6-22 -64 .36 7 -28-64 0 9- 3-64 Trace 
EI-6(23.3) Cayuga Creek at Cowlesvi lie 43. I 5- 8-63 16.4 7- 5-63 1.86 10- 2-63 1. 09 5-20-64 11.7 6-22 -64 2.90 
42 ° 50 '28" 78°28' 14" 7-28-64 .55 9- 3-64 .47 
EI-6(20.9) Cayuga Creek near Wi 11 i ston 7- 4-63 4.23 
42°51'28" 78°30' 19" 
EI-6-20(2.6) Tributary Cayuga Creek 7- 5-63 .03 
42°51'48" 78°27'53" near Cowl esvi 11 e 
EI-6-20(0.7J do. 7- 5-63 .05 
42°51 '49" 78°29'50" 
E 1-6-9( 0.3) Tributary Cayuga Creek 7- 5-63 0 
42°53'30" 78°36'17" near Town Line 
EI-6-7(9.3) Little Buffalo Creek 12.1 7- 4-63 1.96 6-23-64 .68 7-28-64 .18 9- 8-64 .09 
42°50' 13" 78°32'48" at Marilla 
EI-6-7-10(0.1) Tributary Little Buffalo Creek 7- 4-63 .30 
42°50'34" 78°32'53" at Mar; lla 
EI-6-7-7(0.2) Tributary Li ttle Buffalo Creek 7- 4-63 .14 
42°50'23" 78°34'34" near Mari lla 
E 1-6-7-5(0. 5) Rlees Creek near Mar; Iia 7- 5-63 .09 
42°51'23" 78°34'58" 
E 1-6-6(0. 5) Plum Bottom Creek 6.93 6-20-63 .28 7- 5-63 .52 7-12-63 .22 5-19-64 .94 6-26-64 .26 
42°53'56" 78°39'43" at Lancaster 8- 7 -64 .24 9- 8-64 .23 
EI-4-15-22-3(0.1) Tributary Spencer Brook 7- 4-63 .11 
42°34'31" 78°35'53" near Scotts Corners 
EI-4-15(15.3) West Branch Cazenovia Creek 7- 4-63 2.23 
42 ° 34' 56" 78° 38' 40" at Footes 
EI-4-15-21 (0.0) Sprague Brook near Glenwood 7.74 11-16-62 3.97 6- 7-63 1. 79 7- 4-63 1.45 7-12-63 .88 6-12-64 2.19 
42°35'41" 78°39'01" 8- 7-64 .72 9- 9-64 .54 
E 1-4-15 (12.8) West Branch Cazenovia Creek 19.0 5-13-63 16.2 
42" 36' 56" 78° 39'20" at G I enwood 
EI-4-15(10.5) West Branch Cazenovia Creek 27.4 11-16-62 15.1 5-14-63 22.9 6- 7-63 8.53 7- 4-63 5.62 7-12-63 3.19 
42°38'38" 78°41'05" at Colden 5- 7-64 14.5 8- 7-64 2.96 9- 9-64 2.24 
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Table 10.--Results of streamflow measurements at low-flow sites 
in the Erie-Niagara basin (Continued) 


Drainage 
New York State numbe r area Date Cfs Date Cfs Date Cfs Date Cfs Date Cfs 
Lat i tude Long i tude Measuring site name (sq mi) Mea su remen t s 
E 1 -4- 1 5- 1 0 (0. 1 ) Pipe Creek at West Falls 8.54 11-16-62 3.03 6-22-64 0.29 8- 7-64 0.07 9- 9-64 0.06 
42°41'42" 78°41' 14" 
E 1-4-15(5.6) Wes t Branch Cazenov i a Creek 46.7 5-13-63 41.7 7 - 4-63 7.66 7-17-63 4.01 
42"42'05" 78"40'57" at West Falls 
E 1 -4- 1 5 (3 . 5) West Branch Cazenovi a Creek 51.3 5-14-63 43.0 
42"43'26" 78"40'10" at Griffin Mi 11 s 
E 1 -4-1 5 ( I. 6 ) West Branch Cazenovia Creek 57.7 5-14-63 47.7 7-15-63 10.2 
42"44'43" 78"39'20" at Taylorshi re 
EI-4-15(0.0) West Branch Cazenovia Creek 59. I 5- 5 -64 31.1 5- 7-64 25.7 
42" 45 '40" 78° 38' 42" at mouth near East Aurora 
EI-4-14( 13. 6) East Branch Cazenovia Creek 18.8 5-13-63 21.0 7- 2-63 2.56 7-11-63 3.54 5- 7-64 12.3 6-22 -64 4.55 
42°38'37" 78"32'48" at Ho 11 and 8- 7-64 2.40 9- 9-64 2.06 
E 1-4-14-20(0. 2) Tributary East Branch Cazenovia 7- 2-63 .03 
42" 39' 02" 78"33' 02" Creek at Holland 
EI-4-14(10.7) East Branch Cazenovia Creek 7-11 -63 3.42 
42"40 '32" 78° 33'42" near Ho 11 and 
E 1-4-14(2.4) East Branch Cazenovi a Creek 7-15-63 6.03 
42"45'30" 78"37'30" at East Aurora 
EI-4-14-4(2.0) Tannery Brook at East Aurora 7- 2-63 Trace 
42" 46 ' 03" 78" 3 5 ' 46" 
E 1-4-14 (0. 3) East Branch Cazenovi a Creek 11-15-62 25.6 
42" 45' 26" 78" 38 '41" near East Aurora 
El-4-14(0.0) East Branch Cazenovi a Creek 56.0 5-13-63 63.1 5-14-63 54.8 
42"45'40" 78"38'42" at mouth near East Au rora 
E 1 -4 (1 7.4) Cazenovia Creek near East Aurora 115 5- 5 -64 73.8 5- 7-64 69.8 
42°45'41 " 78°38'42" 
El-4(10.4) Cazenov i a Creek at Spr i ng Brook 124 5-15-63 100 7- 4-63 26.1 7-12-63 12.8 10- 3-63 12. I 6-12-64 28.7 
42°49'10" 78°41' 09" 7-31-64 8.23 9- 2-64 10.3 
E 1-4(9.8) Cazenovia Creek near Spring Brook 5-13-63 112 
42"48'55" 78°41'50" 
E 1-4(7 .9) Cazenovia Creek at East Seneca 128 5-15-63 103 
42" 49 ' 58" 78°43' 00" 
EI-4(1.2) Cazenov i a Creek in Cazenov i a 137 5-13-63 149 5-1 5-63 104 
42°50'58" 78°48'32" Park at Buffalo 
0158-15(8.1) Scajaquada Creek near Buffalo 13.6 8-18-60 3.73 
42°55'05" 78"46'34" 
0158-12-66 (0.1) Stony B rook at Varysburg 10.6 5-27-63 2.92 7- 4-63 .97 7-12-63 .23 10- 2-63 .71 5-20-64 3.26 
42°45'35" 78°18'41" 6-23 -64 .63 7-28-64 .10 9- 3-64 .12 
0158-12-59(0.2) Johnson Creek at Earls 1.98 7- 5-63 .04 
42°47'32" 78"19'18" 
0158-12-41 (0.1) Tannery Brook at Attica 7- 2-63 .02 
42°52'11" 78°17'05" 
0158-12- 39- 3 (0. 2) Baker Brook at Attica 7- 4-63 .04 
42°51'22" 78" 15'24" 
0158-12-38(0.1) Tributary Tonawanda Creek 7- 2 -63 .05 
42°52'32" 78°15'29" near Att i ca 
0158-12(85.6) Tonawanda Creek near Attica 93.2 5- 8-63 49.5 7- 2-63 14.2 10- 2-63 14.3 5- 5-64 54.2 6- 9-64 35.8 
42°52'38" 78° 15'29" 6-23-64 16.5 7-27-64 11.2 9- 3-64 8.78 5-10-65 53.2 7-22-65 6.16 
0158-12-35(0.6) Tributary Tonawanda Creek 7- 2-63 .10 
42°54'04" 78" 14'28" at A I exande r 
0158-12-32(15.2) Little Tonawanda Creek at Dale 7- 2-63 .31 
42°48'57" 78°10'04" 
0158-12-32-8(0.7) Middlebury Brook 7- 2-63 .41 
42 ° 5 1 '44" 78 ° 09 ' 05" at West Middlebury 
0158-12-32(5.3) Li tt 1 e Tonawanda Creek 7- 2-63 1.99 
42 ° 54' 59" 78° 11 '56" at West Bethany 
0158-12-32(4.1) Li ttle Tonawanda Creek 34.8 6- 3-63 6.35 7- 2-63 2.26 10- 2-63 .60 5- 5-64 16.4 6-23-64 2.42 
42" 55 '46" 78° 11 ' 35" at East Alexander 7-27-64 .63 9- 3-64 .35 
0158-12-32 (1.1) Li ttle Tonawanda Creek 7- 2-63 2.29 
42 ° 5 7' 17" 78 ° 11 ' 18" near East Alexander 
0158-12-28(11.4) Bowen Creek near Alexander 7- 2 -63 0 
42°54'09" 78°17'53" 
0158-12-28(8.0) do. 5.43 6-2 I -63 .20 7- 2-63 .06 10- 2-63 .02 5- 5-64 .98 6-23-64 .14 
42°56'13" 78°17'17" 7-27-64 .06 9- 3-64 .04 
0158-12-22a(0.1) Tributary Tonawanda Creek 7- 2 -63 0 
43°01'10" 78"21'59" near Indian Falls 
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Table 10.--Results of streamflow measurements at low-flow sites 
in the Erie-Niagara basin (Continued) 


Drainage 
New' York State number area Date Cfs Date Cfs Date Cfs Date Cfs Date Cfs 
Lat i tude Longi tude Measuring site name (sq mi) Mea su remen t s 
0158-12-20a(0.0) Tr i butary Tonawanda Creek 7- 2-63 0 
43°01'39" 78°23'51" at I nd i an Fall s 
0158-12 (54.1) Tonawanda Creek 220 5- 8-63 86.2 7- 2-63 27.0 4-16-64 257 6-25-64 28.8 9- 8-64 7.20 
43°01'38" 78°23'52" at I nd i an Fall s 
0158-12-16(0.4) T r i bu ta ry Tonawanda Creek 7- 2-63 0 
43°04'16" 78°25'51" near Basom 
0158-12-14(0.5) Tr i buta ry Tonawanda Creek 7- 2-63 Trace 
43°04'44" 78°28'31" near Swi fts Mi 11 s 
0158-12-11 (1.2) Ledge Creek near Swi fts Mi 11 s 6.84 6- 7-63 .13 7- 5-63 0 5- 5-64 1. 16 6-25-64 0 7-24-64 0 
43°04'52" 78°31'05" 
0158-12-11-1 (28.7) Mu rde r Creek at Darien 6.27 7- 2-63 .15 6-25-64 .18 7-27-64 .05 9- 3-64 .08 
42°54'07" 78°21'15" 
0158-12-11-1 (26.9) Mu rde r Creek at Sawens 7- 2-63 .03 
42°55'15" 78°21'16" 
0158-12-11-1 (7.1) Murder Creek at Akron 7- 2-63 .19 
43°00'55" 78°29'22" 
0158-12-11-1 (6.2) Murder Creek at Akron 59.8 3- 5-55 214 6-11-55 1. 06 
43°01'10" 78°30'08" 
0158-12-11-1 (5.6) Murder Creek (above sewage 54.4 8- 7-58 1.49 
43°01'42" 78°30'24" treatment plant) a t Akron 
0158-12-11-1 (3.7) Mu rde r Creek nea r Akron 58.6 6-10-64 9.43 7- 14-64 4.96 8-27-64 11.7 
43°02'48" 78°30'47" 
0158-12-11-1-1 (5.2) Beaver Meadow Creek near Akron 2.18 8-18-54 .24 3- 5-55 5.70 6-10-55 .46 5-24-65 .89 
43°00 '41" 78°31'22" 
0158-12-11-1-1-a(0.0) Tributary Beaver Meadow Creek 5-24-65 1.57 
43°00'43" 78°31'21" (mine drainage) near Akron 
0158-12-11-1-1 (5.1) Beaver Meadow Creek (mine drainage 8-18-54 2.11 
43°00'45" 78°31'25" i nc 1 uded) nea r Akron 
0158-12-11-1-1 (0.8) Beaver Meadow Creek 5.08 8-19-54 2.18 6- 6-63 2.32 7- 5-63 1. 31 5- 5-64 3.61 6-25-64 2.12 
43°03'35" 78°31'48" at Swifts Mi lIs 7-24-64 2.20 9- 4-64 2.30 5-24-65 2.36 
0158-12-9(1.2) Beeman Creek near Hunts Corners 14.0 6- 6-63 .69 7- 5-63 .10 10- 9-63 .10 5- 4-64 5.67 6-25-64 .48 
43°03'29" 78°36'25" 7-24-64 .29 9- 4-64 .20 
0158-12-9(0.4) Beeman Creek nea r Sand Hill 15.5 11- 8-62 .95 
43°04' 09" 78°35'52" 
0158-12 (14.1) Tonawanda Creek at Mi 11ersport 363 8- 7-51 25.8 10-11-51 39.6 
43°05'10" 78°41'50" 
0158-12 -8 ( 15. 1 ) Mud Creek at Wolcottsvil1e 9.32 6-21-63 0 7- 5-63 0 5- 5-64 1.49 6-25-64 0 7-23-64 0 
43°07'13" 78°31'06" 9- 8-64 0 
o 158-12-8( o. 5) Mud Creek at Mi l1ersport 41.1 6- 6-63 .41 7- 2-63 0 10- 9-63 0 5- 4-64 11.7 6-26-64 .16 
43°05'24" 78°41'50" 7-24-64 .21 9- 4-64 .11 
0158-12-6(14.5) Ransom Creek at CIa rence 7- 5-63 0 
42°58'44" 78°35'31" 
0158-12-6( 13.6) do. 10.4 8- 7-58 .55 
42°59' 18" 78°35'38" 
0158-12-6(6.5) Ransom Creek 17.1 8-19-60 .89 
43°01'37" 78°41'24" near Cl arenCe Center 
0158-12-6-4(4.6) Got Creek near Clarence Center 7.71 8- 7-58 .75 
43°00'18" 78°39'48" 
0158-12-6-4(3.4) Got Creek near East Amherst 8.95 8- 7-58 1.86 7- 2-63 3.22 
43°00' 04" 78°40'57" 
0158-12-6-4(2.4) Got Creek at East Amherst 10.0 8-19-60 3.10 
43°00'44" 78°41'16" 
0158-12-6(2.5) Ransom Creek near Swormvi lIe 48.9 11 - 8 -62 3.16 5- 8-63 19.0 6- 3-63 6.74 7- 2-63 1.64 10- 9-63 3.06 
43°03'10" 78°43'42" 4-16-64 45.2 5- 4-64 32.9 6-26-64 3.70 7-24-64 2.38 9- 4-64 2.03 
0158-12-5(0.0) Tributary Tonawanda Creek 7- 2-63 0 
43°04'08" 78°45'13" at Wendelvi lie 
0158-12(5.0) Tonawanda Creek on Niagara Fall s 512 8- 8-58 1,060 
43°03'12" 78°49'36" Boulevard, near North 
Tonawanda 
0158-12-3(7.1) Bul I Creek at Mapleton 7- 2-63 0 
43°07'23" 78°47'33" 
0158-12-3-3 (0.9) Tri butary Bu 11 Creek 7- 2-63 .04 
43°07'22" 78°48'41" at Map 1 eton 
0158-12-3(4.8) Bu11 Creek near North Tonawanda 12.5 9-16-54 .35 6-10-55 .16 
43°05'51" 78°48'24" 
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Table 10.--Results of streamflow measurements at low-flow sites 
in the Erie-Niagara basin (Continued) 


Dr a i nage 
New York State number area Date Cfs Date Cfs Date Cfs Date Cfs Date Cfs 
Lat i tude Long i tude Measuring site name (sq m i) Mea su remen t s 
0158-12-3(1.4) Bull Creek at Hoffman, 24.8 6- 3-63 0.54 7- 2-63 0.46 5- 4-64 4.54 6-19-64 0.46 7-23-64 0.14 
43° 03' 56" 78°49'23" near Martinsville 9- 8-64 .03 
0158-12-1 (43.1) Elevenmile Creek 6.49 5-18-64 1.67 7-22-64 .02 9- 8-64 Trace 
42°54'02" 78°25'24" near Darien Center 
0158-12-1 (41.4) Elevenmile Creek near Fargo 7- 2 -63 .09 
42°55'21" 78°25'27" 
0158-12-1 (39.9) Ell i cott Creek near Cri ttenden 21.0 6- 3-63 .64 7- 2-63 .04 10- 2-63 .08 5- 5-64 4.12 6-25-64 .26 
42°55'54" 78°26'26" 8-1 0-64 0 9- 8-64 .03 
0158-12-1 (35.3) Ell i co t t C reek a tAl den 11-15-62 9.18 7- 2-63 .02 
42°54'51" 78°29'41" 
0158-12-1-18(0.4) Spring Creek at Alden 11-15-62 2.96 7- 2-63 .02 
42°54'30" 78°29'32" 
0158-12-1 (32.1) EI1 icott Creek at Sand Ridge 38.0 6- 1 1-64 4.46 6-26-64 I.D7 8-25-64 12.2 8-27-64 3.27 1 D-15-64 .65 
42°54'58" 78°31'24" II -1 8-64 .82 5-11-65 8.44 
0158-12-1-16(0.4) Tributary Ell icott Creek 14.6 7- 5-63 .05 5- 6-64 1.42 7-23-64 0 
42°56'51" 78°33'13" at Mi 11 Grove 
0158-12-1 (23.0) Ellicott Creek 60.1 9-16-54 2.50 6- 9-55 2.86 
42°56'16" 78°37'21" near Bowmansvi lIe 
0158-12-1-11 (1.2) Tributary Ell icott Creek 10-11-63 9.03 
42°57'00" 78°40'37" (quarry dra i nage) 
nea r Bowmansv i 11 e 
0158-12-1 (10.4) Ell i cott Creek 78.7 8- 6-58 3.22 8- 7-58 4.54 8-18-60 7.74 7-15-64 24.1 8-27-64 26.3 
42 ° 58' 56" 78° 45' 56" near Wi11iamsvil1e 
0158-12-1 (7.4) Ell icott Creek near Getzvi l1e 8- 7-51 8.55 
43°00'23" 78°46'33" 
0158-12 -1 -4 (2.2) Fox Creek at Getzvil1e 6- 3-63 .33 
43°01'28" 78°45'49" 
0158-12-1-4(1.6) do. .39 6- 3-63 .29 7- 2-63 0 5- 4-64 3.36 6- 19-64 .13 7-24-64 .13 
43°01'48" 78°46'05" 9- 8-64 .06 
0158-G 1-3a-22 (0.9) Basel ine Creek on Base Line .36 4-17-64 .04 6-10-64 0 6-26-64 0 7-24-64 0 1\ -1 0-64 0 
42°58'48" 78°57'52" Road, on Grand 1 sland 
0158-G 1-4-27( O. 2) West River Creek at Fix & West .54 4-17 -64 .04 6- 1 0-64 0 6-26-64 0 7 -24-64 0 11 -I 0-64 0 
42°59'01" 78'59'49" River Roads, on Grand Island 
0158-G 1-3-20(0.9) Spicer Creek on White Haven 2.14 4-17-64 .39 6-10-64 .08 6-26-64 0 7-24-64 0 11- 1 0-64 .03 
43°01'20" 78°54'33" Road, on Grand Island 
0158-GI-5-33(3.0) Sixmi Ie Creek on Love Road, .64 4-17-64 .18 6- 1 0-64 .01 6-26-64 0 7-24-64 0 11- 1 0-64 0 
42°59'45" 78°58'57" on Grand Island 
0158-G 1 -5-33 (0.6) Sixmi Ie Creek on White Haven 3.20 4-17-64 .48 6-10-64 .04 6-26-64 0 7 -24-64 0 11-10-64 0 
43°01'16" 79°00'36" Road, on Grand Island 
o 158-G I -1 -16 (1 .3) Woods Creek at Sandy Beach, 6.61 4-17 -64 .58 6-10-64 .11 6-26-64 0 7-24-64 0 11-10-64 0 
43°03'00" 78°58'00" on Grand 1 sl and 
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computed and adjusted to the 1931-60 normal period, is in the 20- to 
30-percent range of their respective duration curves. The 26-percent point 
was selected as an approximation of average annual runoff for use in listing 
the data in table 11. The duration points for which flow data are listed in 
the table were selected to allow reconstruction of each individual curve in 
the 26- to 99-percent range, if so desired. 


LOW-FLOW FREQUENCY STUDIES 


The frequency of recurrence of low streamflow can be obtained by 
analysis of the records of daily discharges at gaging stations. Basic data 
for frequency analyses can be summarized from gaging-station records by 
computer to show the lowest mean daily discharges that have occurred during 
each climatic year (April to March) for various periods of consecutive days. 
The U.S. Geological Survey processes such data for 1-, 7-, 14-, 30-, 60-, 
90-, 120-, 150-, 183-, and 274-day periods. The recurrence interval (or 
return period) of any discharge for the selected number of consecutive days 
may be computed by assigning the discharge value for each year of record a 
rank number, starting with the lowest as number 1, and using the formula: 


Recurrence interval = 


n + 1 


m 
where n is the number of annual events 
m is the assigned rank number. 


The low-flow frequency curves in figure 29 were computed by this 
method. These curves express the frequency of recurrence of low flow for 
1-, 7-, and 30-consecutive day periods at gaging stations in the basin that 
were established prior to 1963. For example, the curves for Little Tonawanda 
Creek at Linden indicate that the minimum mean 30-day flow is expected to be 
equal to or less than 0.018 cfsm once in 10 years, the minimum 7-day flow to 
be equal to or less than 0.014 cfsm, and the minimum I-day flow to be equal 
to or less than 0.012 cfsm for the same period. 


Table 12 lists all measuring sites in the area for which low-flow 
frequency analyses were made, including the gaging stations shown in 
figure 29. It should be noted that the reliability of such information is 
directly related to the amount of discharge data collected. 


STUDIES OF PEAK FLOWS 


High-flow frequency studies 


Overbank flooding and high streamflows are an integral part of the 
streamflow regimen. Even if the climate in the area were to change from 
moist-continental to semi-arid, flooding would not cease; the frequency of 
occurrence of floods would merely decrease. Studies by Benson (1960) show 
that out of a theoretical 1,000-year period of record, more than 100 con- 
secutive years of record would be needed to define the 25-year flood within 
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Figure 29.--Low-f1ow frequency curves for gaging stations. 
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2162 Scajaquada Creek at Buffalo 15.7 
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2.9 cfs to each value as an adjustment for 
diversion upstream by the city of Batavia. 
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Figure 29.--Low-flow frequency curves for gaging stations (Continued). 
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10 percent. The length of record available from gaging stations in the 
Erie-Niagara basin ranges from 7 to 51 years, with 4 out of the 10 stations 
having 23 to 25 years of record each. The period 1939-63 was selected as a 
base for this study. By corre1ation techniques, estimates of annual 
instantaneous maximum streamflow were made for gaging stations where the 
period of record does not span the full base period. Then, using a method 
similar to that used in the low-flow frequency studies, frequency curves of 
annual maximum instantaneous streamflow were prepared for 10 gaging stations 
io the area and the results shown in figure 30. The water-surface 
e1evations corresponding to stream discharges which are a1so shown in 
figure 30, were computed using a recent relation between stage and open- 
water discharge at each station. The stage-discharge relations, which are 
controlled by local conditions in the reach of channel below each gage, are 
sometimes affected by backwater from ice or debris. Under these conditions, 
particularly the occurrence of ice jams, water-surface elevation corresponding 
to a given discharge is greater than that shown in figure 30 and the stage 
recurrence interval would be 1ess than that shown for the open-water stage. 
For example, once or twice each winter or early spring, the water surface 
of Cazenovia Creek at Ebenezer may reach an elevation of 6J7 feet as a 
resu1t of downstream ice Jams, even though the streamflow may be considerably 
1ess than 9,000 cfs, the f10w corresponding to that stage shown in figure 30. 
Although the curve shows that the f10w of Cazenovia Creek is expected to be 
equal to or greater than 9,000 cfs once in every 3 years, on the average 
over a long period of time, a stage of 617 feet may have a recurrence 
interva1 of 1 year or less because of the effect of the ice jams. 


Regiona1ization of the frequency of high flows 


Regionalization studies of the frequency of high flows are primarily 
for use in synthesizing information about streams in ungaged areas. 
However, such analyses also may be used to adjust the curves for particular 
sites (fig. 23). High-f1ow frequency has been previously regionalized for 
New York State by Robison (1961) and Wiitala (1965); the streams in the 
Erie-Niagara basin were included. The same methods of analysis used 
previously were applied in deriving the regionalization presented herein; 
however, the 5 additional years of streamflow record that were avai1ab1e 
for this study made possib1e a more definitive evaluation. 


Ultimately, magnitude of peak streamflow is controlled by the intensity, 
duration, and areal extent of precipitation. However, size of the drainage 
basin, basin orientation with respect to weather patterns, land surface and 
channel slopes, antecedent climatic and streamflow conditions, soi1 infil- 
tration capacities, and land cover also exert varying degrees of control on 
high flows. Previous studies indicate that size of drainage basin is the 
most significant of these parameters. 


Statistical analysis has shown that the mean va1ue of a group of annual 
peak flow data, when expressed by frequency of occurrence, has a recurrence 
interval of 2.33 years and is called the mean annual flood. This mean 
annual flood is used as an index for regionalization and is plotted against 
the drainage area for each gaging station in figure 31. Three regions with 
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Figure 30.--Frequency of annual maximum instantaneous streamflow 
and water-surface elevation corresponding to 
discharge at 10 gaging stations. 
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Figure 30.--Frequency of annual maximum instantaneous streamflow 
and water-surface elevation corresponding to 
discharge at 10 gaging stations (Continued). 
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Figure 30.--Frequency of annual maximum instantaneous streamflow 
and water-surface e.1evation correspondi"g to 
discharge at 10 gaging stations (Continued). 
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Figure 30.--Frequency of annual maximum instantaneous streamflow 
and water-surface elevation corresponding to 
discharge at 10 gaging stations (Continued). 
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Figure 30.--Frequency of annual maximum instantaneous streamflow 
and water-surface e1evation corresponding to 
discharge at 10 gaging stations (Continued). 


simi1ar mean annual flood-flow properties are indicated from the points in 
the figure. The areal extent of each region indicated by the curves is 
shown in figure 32. If high-f1ow information is needed at an ungaged site, 
once the appropriate region has been determined from figure 32 and the 
drainage area at the site computed, it is possible to estimate the mean 
annual flood from the proper curve in figure 31. As indicated by the lower 
limit of drainage area in figure 31, the mean annual flood for areas of 
less than 10 square miles cannot be properly eva1uated. At present, 
insufficient data have been c011ected anywhere in New York State to region- 
alize flood hydrology in such sma11 basins. 
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List of Gaging Stations 


2135 - Cattaraugus Creek at Gowanda 
2145 - Buffalo Creek at Gardenvil1e 
2150 - Cayuga Creek near Lancaster 
2155 - Cazenovia Creek at Ebenezer 
2162 - Scajaquada Creek at Buffalo 
2165 - Little Tonawanda Creek at Linden 
2170 - Tonawanda Creek at Batavia 
2175 - Tonawanda Creek near AlaDama 
2180 - Tonawanda Creek at Rapids 
2185 - Ellicott Creek at Wi11iamsvil1e 


Figure 31.--Relatlonship of mean annual flood to size of drainage area. 


More information is required for design purposes than the magnitude of 
a high flow that will recur on the average once every 2.33 years. Frequently, 
the magnitude of 50-year floods is required, but as stated previously, 
streamflow records are not long enough to determine flood-frequency intervals 
greater than 25 years with a high degree of accuracy. Nevertheless, a 
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Figure 32.--Regions with similar mean annual floodflow 
properties (base period, 1939-63). 


straight-1ine extension beyond 25 years was made for the f10od-frequency 
curves shown in figure 30 to provide an estimate of the f100d f10w to be 
expected at the 50-year recurrence interva1. 
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Ratios of high f10ws for various recurrence intervals to the mean 
annua1 f100d were calcu1ated for 10 gaging stations in the area. The 
p10tting of these ratios and the location of the gaging stations indicated 
that the stations shou1d be grouped to represent regions in the basin that 
have simi1ar f1ood-frequency curves. Curves based on the average ratios 
for each of the three regions are shown in figure 33, and the areal extent 
of each f100d-frequency region is shown in figure 34. 


2 2.33 3 5 10 
Recurrence intervol,in years 
Figure 33.--Regional flood-frequency curves (base period, 1939-63). 
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Figure 34.--Regions with simi1ar flood-frequency curves 
(base period, 1939-63). 


The magnitude of the flood for a se1ected recurrence interva1 at an 
ungaged stream site with a drainage area 1arger than 10 square mi1es can be 
made by using figures 31 through 34. From figure 32, the site is determined 
to be in one of the three regions with simi1ar mean annua1 f1oodf1ow 
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properties. Then, by using the appropriate relationship line of the "mean 
annual flood" region and the drainage area above the site, the mean annual 
flood can be determined from figure 31. Once the mean annual flood at the 
stream site is known, the floodflow at selected recurrence intervals can be 
estimated from figures 33 and 34. The "flood-frequency" region in which 
the stream site lies is determined from figure 34. The appropriate regional 
flood-frequency curve in figure 33 is then used to read the peak discharge 
as a ratio of mean annual flood for a selected recurrence interval. The 
ratio is multiplied by the mean annual flood (estimated from figures 24 and 
25) to obtain an estimate of the instantaneous peak discharge. 


Flood inundation 


Flood inundation in the Erie-Niagara basin usually commences along 
some reaches of streams when high flows attain a magnitude that recurs, on 
the average, once every 2 to 3 years. Areas subject to inundation are most 
extensive along streams flowing through flat terrain, such as occur in the 
Tonawanda Creek basin and in the downstream part of the Buffalo River basin. 
Streams that are deeply entrenched inundate only their narrow flood plains. 
Even with floods of different magnitude, the extent of inundation by such 
entrenched streams changes little because the valley walls confine the flood. 


Plate 2 is a summary of flood-inundation surveys conducted by the 
U.S. Army Corps of Engineers as part of studies of various drainage basins. 
The extent of the inundation shown in this figure is not representative of a 
maximum. For example, a 50-year flood over the whole area could cause 
inundation greater than that shown along any of the stream reaches except on 
Scajaquada Creek. The peak flows corresponding to the extent of inundation 
shown are also listed in plate 2, as are recurrence intervals for the peaks 
from the high-flow frequency curves in figure 30. The only one of these 
peaks that had a recurrence interval greater than 24 years was that of 
110 years for Scajaquada Creek. 


Peak flow magnitudes observed during this study from 1963 through 1965 
have been, excepting the August 1963 flood on Scajaquada Creek, flows that 
have recurrence intervals of 10 years or less. Thus, the high flows and 
corresponding inundation were of an average nature. In the southern half 
of the area, even along the channels that are not deeply entrenched, overflow 
that has been observed during the past several years has not been extensive. 
In that portion of the southern half of the area in the Allegany Plateau, 
the only significant overbank flow from 1963 to 1965 was observed along a 
reach of Elton Creek in the vicinity of Farmersville and Farmersvi11e 
Station in early March of 1964. The peak flow on Cattaraugus Creek at 
Gowanda at this time had a recurrence interval of slightly less than 2 years. 
The area inundated may have been as large as I square mile, but no roads were 
covered and property damage was negligible. The land inundated .is cultivated 
with no structures located on the flood plain and the low peak-flow recurrence 
interval indicates that this area is frequently flooded. 
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Inundation potentia1 from ice jams and other flow restrictions 


Sometimes e1evations of streams during peak flows rise higher than 
those that would usually occur because of some condition in the channel 
causing a restriction of f1ow. Such peaks are ca11ed augmented peaks. By 
far the most frequent cause of peak augmentation in the area is ice jamming. 
A 1imited number of observations at the stream-gaging stations has indicated 
that varying degrees of ice jamming can occur a10ng any reach of stream on 
which ice cover deve10ps. The most extensive jams develop in the downstream 
reaches of major stream channe1s on the Lake P1ains. 


Aerial observation of ice cover, potential jam sites, and actual jams 
was started in the winter of 1964-65. Coverage has been 1imited to one 
f1ight over most of the main-stem channels of Eighteenmi1e, Cattaraugus, 
Buffa1o, Tonawanda, and Cayuga Creeks when ice cover was not at normal 
winter maximum, and no major jams had developed. However, a preliminary 
appraisal was made of some of the factors that seem to contribute to the 
jamming of ice. For instance, high potential for ice jams is found in 
sections of streams with meandering channels where sand bars or other 
deposits form on the streambeds, and areas where material from high-bank 
erosion encroaches on the channel. At several locations, trees were jammed 
up in the channel, creating a flood potentia1 in themse1ves while a1so 
providing for ice retention. 


Along the Lake Erie shore1ine, f100d problems are compounded by 1ake 
ice. Ice does not form on the lake as one big sheet that covers most of 
the lake. (See Wi1shaw and Rondy, 1965, p1s. 51-60.) Instead, sma11 
sheets form in the areas most sheltered from wind and wave action. The 
prevailing winds move these cakes or floes northeastward toward the out1et 
of the lake. Each year Ontario Hydro and the Power Authority of the State 
of New York place an ice boom across the lake's out1et to prevent ice jams 
in the Niagara River near the powerplants at Niagara Fal1s. No ice is 
allowed to flow out of the 1ake until the spring breakup. If significant 
ice formation commences in early January, the subsequent buildup a10ng the 
Erie County shoreline can reach heights in excess of 20 feet. If such 
shoreline jams become firmly lodged in mid-winter, they will remain, making 
effective barriers at the mouths of streams discharging into Lake Erie 
until an extended thaw occurs. Normal winter stream discharge is not 
seriously impeded by this ice barrier, but during periods of high overland 
runoff when the ice on the streams breaks up, long ice jams occur as the 
ice from the streams backs up against the barrier of lake ice. Extensive 
damage was caused by ice-jam f100ding in mid-March of 1963 at the mouth of 
Cattaraugus Creek where ice in the creek was eventually backed up a distance 
of several miles. Similar buildup of ice also was observed on Big Sister 
and Eighteenmile Creeks. Doubtless, other streams produce situations of 
the same kind. 
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AREAL DISTRIBUTION OF STREAMFLOW 


Average annual runoff 


Generalized studies of the areal distribution of average annual runoff 
in the area have been made before, the most recent being by La Sala and 
others (1964), who had only the available data from the gaging stations to 
draw on. As the streamflow recorded at most of these stations is an 
integration of flows from the major portion of each individual basin, the 
average annual runoff at each station, therefore, represents an average of 
all of the area upstream. In the course of flow-duration studies for the 
sites listed in table 11, many apparent inconsistencies appeared in the 
amount of average annual runoff for many of the small basins within these 
large, gaged drainage basins. For example, the average annual runoff for 
Cattaraugus Creek at Gowanda is 22.6 inches. Within the same basin, 
however, average annual runoff for Clear Creek near Iroquois was estimated 
as 17 inches and average annual runoff from Spring Brook at Springville was 
estimated as 32 inches. Such variations from average annual runoff as 
determined at the gaging stations made it apparent that a more detailed 
study could be made. 


As shown previously, amounts of average annual precipitation increase 
with the elevation of the land surface (fig. 12), and because evapotrans- 
piration loss is essentially a constant in the area, average annual runoff 
is theorized to also increase with elevation. To substantiate this theory, 
a number of drainage basins were selected throughout the area for which 
average annual runoff was plotted against average basin altitude as shown 
in figure 35. In general, the data show the expected increase in average 
annual runoff with increasing altitude. However, other factors besides 
altitude help to control the areal distribution of annual runoff to produce 
the range of points apparent in figure 35. Some of these factors might be 
local, such as relief of land in each basin, distance from Lake Erie, 
orientation of the basin, and variations in the characteristics of the 
geology in each area. 


Because of the variations in physical conditions from basin to basin 
throughout the area, it was decided to show the areal distribution of 
average annual runoff by lines of equal runoff on the map in plate 3. This 
map was drawn partly on the basis of the runoff-altitude relationship shown 
in figure 35, but was adjusted for the average annual runoff estimated for 
the stream-measuring sites. 


The map is designed to allow preliminary evaluation of the average 
annual runoff from the drainage area above any point on any stream in the 
Erie-Niagara basin. However, investigations must be made in the field to 
corroborate the results of the estimates before designing a structure of 
facility on the stream. 


To determine average annual runoff from plate 3, the drainage area 
above the selected site must be delineated. Most likely, the area will be 
crossed by one or more of the runoff contour lines. The total area of the 


- 81 - 



36 


o 


/ 
/ 
/ 

 
/ 
/ 
/ 


32 


o 
::3 
C 
c 20 
o 
Q) 
0' 
o 
Q) 
> 
« 


o 


o 


fB 
/ 
/1 
/ 
/ 
/ 0 
/ 
0/ 
/ 


/ 
/ 0 
/ 
/ 
/ 0 


28 


en 
Q) 

 
(.) 
.
 


.

 24 
- 
'0 
c 
2 


00 


o 


16 


o 


o 


/ 
/ 
/ 
/ 
/0 

 
/0 


Average basin altitude determined 
to the nearest 50 feet 


12 


8 
600 


1,000 1,200 1,400 1,600 
Average basin altitude ,in feet above mean sea 


2,000 


2,200 


Figure 35.--Relationship of average annual runoff to average 
altitudes of drainage basins. 


basin should be determined by planimeter, as should the area of each segment 
of the basin bounded by the runoff contours. Then, average annual runoff 
for the basin can be computed by determining the percentage of the total 
area each segment contains, prorating the runoff represented in each segment 
by these percentages, and summing the results. 


Areal distribution of streamflow at the 50-percent duration point 


Streamflow at the 50-percent duration point refers to the discharge 
that can be expected to be equaled or exceeded 50 percent of the time as 
indicated by a flow-duration curve of daily discharge. Usually, streamflow 


- 82 - 



at the 50-percent duration point receives a greater proportion of its 
contribution from ground-water storage than from overland runoff; thus, the 
streamflow is controlled to a large extent by those geologic factors that 
influence the release of water to streams from ground-water reservoirs. The 
surficial and bedrock geology of the area and the related water-storing and 
transmitting characteristics are discussed in detail by La Sala (in p
para- 
tion). It suffices here to note that the effects of ground-water discharge 
on streamflow become evident in this flow range. 


Plate 4 shows the areal distribution of streamflow in the basin at the 
50-percent duration point. This analysis was made by using all available 
streamflow data and defining regions that appear to have similar flow 
characteristics. Obviously, the map is representative of natural flow in 
the area only if the streamflow data reflect natural conditions. Several 
situations involving non-natural flow in the area were discovered and the 
effects on the flow regimen have been estimated. Flow from the upstream 
reaches of the North Branch of Clear Creek is impounded and utilized to 
supply Gowanda State Hospital; natural flow in that portion of the basin 
probably is in the range of 0.4 to 0.6 mgdsm (million gallons per day per 
square mile). Waste effluent enters Scajaquada Creek and augments the 
natural flow; flow above the point of waste entry is estimated to be between 
0.2 and 0.4 mgdsm. Flow in Beaver Meadow Creek near Akron is augmented by 
water pumped out of mine shafts. This pumpage increases the flow from an 
estimated natural range of from 0.1 to 0.2 mgdsm. Water from a working 
quarry is pumped into Ellicott Creek in the vicinity of Bowmansvil1e, 
thereby augmenting the flow as gaged at Wil1iamsvil1e. On the basis of 
yield in the adjacent basins, natural flow is estimated to be between 0.2 
to 0.4 mgdsm. 


Areal distribution of streamflow at the 90-percent duration point 


The 90 percent flow-duratiton point is sometimes referred to as the 
index of low flow. Flows as low as those at this duration point are reached 
in about three-quarters of the years and this flow thus serves as an upper 
limit for the amount of water available for use when storage is not provided. 


In the Erie-Niagara basin, there is a larger body of information about 
the areal distribution of flow at the 90-percent duration point than for any 
other flow. In addition to the discharge measurements previously discussed, 
numerous observations of streams were made during an intensive investigation 
in July 1963. The results of this investigation form the basis for the 
delineation of stream channels containing flow at the 90-percent duration 
point as shown in plate 5. This figure also shows regional distribution of 
streamflow at the 90-percent duration point in the area. 


Areal distribution of streamflow at the 99-percent duration point 


Streamflow at the 99-percent duration point represents, in general, 
the lowest flow that has been measured extensively throughout the Erie- 
Niagara basin, and closely approximates the minimum mean 7-day flow that 
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is expected to recur once in 10 years, on the average. As is indicated in 
plate 6, only small portions of the area yield flow at a rate greater than 
one-tenth mgdsm. Basin yield to streamflow from more than half of the 
Erie-Niagara basin is less than 0.01 mgdsm. 


INTERBASIN DIVERSIONS 


Manmade diversions 


At present, Lake Erie and the Niagara River supply most of the water 
used in the area. Part of this water is discharged to streams in the area 
after use and this discharge augments natural flow. Such augmentation 
usually occurs in reaches of the streams within 10 miles of Lake Erie or 
the Niagara River. It was found that water obtained from one basin is 
discharged into another as follows: (1) water is taken from the North 
Branch of Clear Creek for use at the Gowanda State Hospital and then dis- 
charged to Cattaraugus Creek; (2) the village of Orchard Park takes water 
from Pipe Creek and discharges its effluent to the South Branch of Smoke 
Creek; and (3) the village of East Aurora takes water from ground-water 
storage near the source of Pond Brook and discharges its effluent to the 
East Branch of Cazenovia Creek. Also, a diversion channel was constructed 
to carry excess flood waters from Ellicott Creek in Ellicott Creek Park 
into Tonawanda Creek, but occasion for its use has not, as yet, arisen. 
The effect of some of these diversions on streamflow was discussed earlier 
in the report, but a full analysis of them can not be made without more 
intensive study. The most significant diversion in the area is a reversal 
of the flow in Tonawanda Creek from its mouth at the Niagara River to 
Pendleton, about 12 miles upstream, to form a part of the New York State 
Barge Canal System. During the navigation season, which usually lasts from 
April to November, operation of the canal requires a total contribution of 
about 1,000 cfs from the Niagara River and Tonawanda Creek. Less water is 
diverted during the non-navigation season. 


Natural diversions 


In the portion of the Tonawanda Creek basin downstream from the 
escarpment near Indian Falls, natural interbasin diversion sometimes occurs 
during periods of high flow. This situation has hindered the evaluation of 
high flows on Tonawanda Creek at Rapids. It appears from the inundated 
areas shown in plate 2 that flow leaves Tonawanda Creek several miles 
upstream from Rapids and returns to Tonawanda Creek further downstream 
through Black and Ransom Creeks. Two flow measurements have been made by 
the U.S. Army Corps of Engineers along Goodrich Road, south of Rapids, 
during periods of overbank flow on Tonawanda Creek. Results of these 
measurements indicate a possibility that when the water-surface elevation 
of Tonawanda Creek at Rapids approaches 595 feet, as much as half of 
Tonawanda Creek flow is diverted through the Black Creek basin. More 
measurements are needed to develop a stage-discharge frequency relationship 
for this diversion. Plate 2 also indicates the possibility that flood 
flows from the Mud Creek basin can enter Tonawanda Creek at several points 
upstream from the mouth of Mud Creek at Millersport. 
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There is one area across which streamflow can enter the Erie-Niagara 
basin from a stream outside the basin. The drainage divide between 
Tonawanda Creek, Mud Creek, and Oak Orchard Creek runs close to the south- 
west end of Oak Orchard Swamp at an altitude of approximately 610 feet. 
Apparently. the water-surface elevation in Oak Orchard Swamp is normally 
within several feet of the minimum altitude of the basin divide, especially 
in winter and early spring. During periods of overland runoff, inflow to 
the swamp exceeds the outflow along Oak Orchard Creek. At such times, the 
water-surface elevation of the swamp increases and the excess water flows 
into Tonawanda Creek at a site em Lewiston Road. A relationship between 
the water-surface elevation in the swamp and the discharge to Tonawanda 
Creek was established by using data from discharge measurements made by the 
U.S. Fish and Wildlife Service between April 1960 and March 1963. This 
relationship is shown in figure 36 and indicates that the maximum measured 
flow into Tonawanda Creek basin was about 800 cfs. 
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Figure 36.--Relationship of water-surface elevation in Oak Orchard Swamp 
to discharge into Tonawanda Creek from the Oak Orchard 
Creek basin at a site on Lewiston Road. (From data 
collected by the U.S. Fish and Wildlife Service.) 
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STORAGE REQUIRED 


TO MAINTAIN 


FLOWS 


by 
R. M. Beall 


Water requirements that exceed natura11y occurring minimum streamflows 
may be met by providing surface storage. Maximum utilization of streamf10w 
at any site in the Erie-Niagara basin can be achieved only if excess runoff 
is stored for later release during low-flow periods. 


The potential for sustaining given 1evels of reservoir outflow from 
given amounts of surface storage at a specific site is influenced by many 
variables, few of which may be exactly defined. For most practical purposes, 
however, the effect of these variables can be evaluated with fair certainty 
by analysis of long-term streamflow records. 


The aim is to provide storage-yield relations based on readily deter- 
mined streamflow characteristics and related to probabi1ity of deficiency 
or failure, so that planners can evaluate cost and risk factors associated 
with development. Although the information presented here wi11 not be 
sufficiently detai1ed for project design, it will be adequate for use with 
other social, economic, and resource studies which have to be considered in 
evaluating the several alternatives that might satisfy present and future 
needs. 


STORAGE REQUIREMENTS AS A FUNCTION 
OF STREAMFLOW CHARACTERISTICS 


Reservoir storage may be classed as within-year (seasonal) or over-year 
(carryover) according to the length of time required for its replacement. 


For outflow or draft rates less than the minimum annual flow, assuming 
that this minimum is adequately defined, it is possible to develop storage 
which will be replenished each year. The amount of the seasonal storage 
required is a function of both the areal variability of annual f10w and the 
variability of flow within each year, as defined by a long sequence of 
experience. 


As rates of demand increase, there is not enough high flow available 
for storage every year to sustain outflows at desired rates. Water must be 
stored during wet years for release during dry years. The amount of carry- 
over storage required is strongly re1ated to the mean f10w and to its 
variability from year to year. 
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METHODS OF ANALYSIS 


The traditional and empirical method of analyzing storage requirements 
has been by means of a mass curve of cumulated daily, weekly, or monthly 
streamflow volumes, ideally dE
rived from a long record of flow at the 
damsite. A desired draft ratE
 is represented by a line of appropriate 
slope spanning the most cri tic:al period of deficient streamflow shown by 
the mass curve. The storage thus obtained from the ordinate of maximum 
depletion includes both the sE
asonal and carryover storage that would have 
been requi red during the peric)d of record to satisfy the given demand rate. 
The reliability of the ana1ysis is directly related to the length of record 
and the degree to which the record represents long-term past experience and 
future expectancy. 


The mass-curve method may also be used to define the seasona1 storage 
required for a variety of draft rates for each year of record. These 
annual data can then be analY2
ed to define draft-storage-frequency relations 
for individual stations. The laborious computation procedure has been 
programmed for computer operation in which figures of daily flow are accumu- 
lated for "cl imatic years" be
linning on Apri 1 1 and are concurrently 
diminished by selected rates ()f draft. The program output provides figures 
of maximum departure (and, hence, storage required) for each year and for 
each draft rate. Table 13 illustrates this output for Cattaraugus Creek at 
Gowanda. Frequency analysis c
f these annual mass-curve data is considered 
valid and reliable if limited to draft rates less than the smallest annual 
mean for a given chance of occ:urrence. Computer-processed data were avail- 
able for the six long-term stations in the basin and were analyzed for use 
in this study. Frequency curves of seasonal storage required for 
Cattaraugus Creek at Gowanda clre shown in figure 37. Seasonal storage- 
draft curves for 10-, 20-, and 50-year recurrence intervals were drawn 
us i ng data picked f rom the f re
quency cu rves. 


The low-flow frequency method of analysis (Hardison, 1966) was 
considered but not used because it has a consistent error of about 
10 percent and would have reqlJlired additional computations. 


The principal object of many storage studies is to provide for draft 
rates approaching the 10ng-ter'm mean flow. If the period of record used in 
a mass-curve analysis is long enough to include a noteworthy drought, the 
resulting draft has usually been considered the safe yield, but without a 
specific reference to a frequency of recurrence. Frequency, or 
probabi1ity/risk, considerations have been introduced in studies of high 
draft rates involving carryover storage by analyses of multi-year frequency 
curves and by mass-curve analyses of synthetic flow sequences. 


The method adopted for this study is one described by Hardison (1966) 
in which the queuing theory is adapted to the computation of carryover 
storage requirements by a probability routing based on the cumulative 
frequency distribution of annual discharge. The method involves fitting 
one of several types of frequency distribution curves to the observed annual 
streamf10w and selecting a quantitative index of the variability of annual 
f1ow. Hardison has presented the results of the probability routing as 
sets of draft-storage curves for log-norma1, norma1, and Weibu11 distributions 


- 87 - 



"'..::t 
l..l\ '-0 
CV'\ 0'\ 
N 
I "' 
..::t 
CV'\ 
C 
OJ::. 
U 
.j..I I-. 
co co 
.j..I:L 
II) 


I-. 
0- 
4-..::t 
0'\ 
II) _ 
Q) 
0") "' 
1-._ 
CO 
J::. 
U 
II) I-. 
a. 
"'O<t 


>- "' 
- CO 
"'0 
CO C 
"'0 CO 
3 
4- 0 
Ot-' 


1I).j..I 
CO 
II) 
>-
 
Q) 
CO Q) 
C I-. 
COU 


II) II) 
II) :J 
CO 0") 
E :J 
CO 
I-. 
CO CO 
:J.j..I 
C .j..I 
C CO 
<tu 
I 
I 


CV'\ 


Q) 
..Q 
CO 
I- 


o 
-0 
.- l..l\ 
I-. 
a. 
<t 
0") 
c 
c 
cO 
o 
O")..::t 
Q) 
..Q 


I-. 
:J 
"'0 


II) 
Q) 
.j..I 
COo 
1-.0 
N 


.j..I 
4- 
CO 
I-. 
"'0 
0") 
C 
.- 0 
3l..l\ 
0- 


o 
4- 


Q) 
J::. 
.j..I l..l\ 
N 


c 
CO 
.j..I 
C 
CO 
E 
o 
00 
.j..I 


"'0 
Q) 
I-. 


"' 
II) 
>- 
CO 
"'0 
I 
II) 
4- 
Uo 
r--.. 


"' 
Q) 
0") 
CO 
I-. 
o 
.j..I 
V) 


,-or--....::t 
 Ol..l\ 
 ooOO'\..::t,-oO'\oo 
 '-O 
 l..l\ONoo 
 Or--.. 
 ,-oOoo 
-O'\l..l\O'\ON..::t-CV'\CV'\r--..oo..::tCV'\NO-l..l\Nool..l\O'-O 
NooNN..::tCV'\O'-OO'\..::tCV'\-CV'\NNO'\l..l\'-OCV'\-O-O'\ 
"'"' "' "'"'"'"'"'"' "' "'"' "'"' "'"' 
 
Nl..l\CV'\Nr--..O'\CV'\OooCV'\..::tooN-r--..NOr--..l..l\Ooooooo 
00..::t..::tl..l\-..::tCV'\..::t'-O..::tl..l\l..l\'-Ol..l\l..l\-l..l\-..::t 
'-O'-O 


-..::t'-OCV'\O 
 '-O'-O..::tCV'\O'\r--..r--..'-ONO'-O'-O..::t-r--.. 
 O'\l..l\r--.. 
NOCV'\oo'-OO'\ooCV'\O'\..::t..::t-Nl..l\O'\..::tNoo..::t..::tO'\N'-O 
-r--....::t-'-Ol..l\N'-O-..::tr--..'-Oool..l\r--..Nl..l\oo-r--..ONCV'\ 
"' "' "'"' "'"'"'"'"'"'"'"'"'"'"'"'"'"' "'"'"' 
ooO'\CV'\ooCV'\oo-r--..'-O'-OO'\--Or--..Noo-l..l\..::tool..l\ 
l..l\NNCV'\-CV'\-N..::tNCV'\CV'\..::tCV'\..::t CV'\ CV'\'-ONCV'\..::t 


I-. 
CO 
Q) 
>- 
o 
0")0 
CCV'\ 


_l..l\ooO'\O 
 r--..r--..ooO'\-O'\O'\O'\r--..'-ONl..l\r--..'-OOO'\CV'\r--.. 
0'\l..l\000'\0-0l..l\CV'\-0'\..::t-CV'\..::tCV'\-0CV'\0'\0CV'\0'\ 
r--....::tr--....::tNl..l\l..l\Nl..l\..::t-CV'\NCV'\O'\O'\O'\N..::tl..l\ool..l\N 
"' "' "'"' "'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"' 
..::tl..l\-l..l\'-OO'\'-O-ooNNCV'\CV'\O'\..::tNoo..::too--O'-O 
CV'\--- - -N-NNN-N - -..::t-NN 


r--..Or--..O'\Ol..l\'-Ol..l\'-Ooo'-OCV'\..::tCV'\'-O..::t-r--..-O'\Nr--..O 
CV'\'-Or--..CV'\Nr--..'-O..::tN-O'\NN'-O-'-O'-O--..::tCV'\Ooo 
N'-OCV'\-ool..l\'-O-CV'\-l..l\O'\..::tO'\l..l\Nl..l\oo-O'\l..l\'-O'-O 
"' "' "' "' "' "' "' "' "' "' "' "' "' "'"' "' "'"'"'"'"' 
..::tCV'\CV'\CV'\N'-O-CV'\-NO'\
r--..r--..- '-0 r--..r--..CV'\000 


NOoooo-O'-ONl..l\l..l\-'-OO'-O..::tNON'-Ooo..::tCV'\..::t 
N-r--..O..::tOr--..l..l\l..l\CV'\-..::t..::tN- CV'\..::tr--..N'-Or--..r--.. 
CV'\-Ol..l\..::t-CV'\ooNl..l\O'\l..l\r--..O'\CV'\ l..l\ r--..00000'\r--.. 
"' "'"' "'"' "'"' "' "' "'"' "' "'"' "'"' 
'-0-- -N CV'\ CV'\NNNl..l\ Nr--.. CV'\CV'\ 


N 0 0'\ CV'\ - r--.. 00 O'\..::t ..::t ..::t ..::t N '-0 0'\ 
..::t 00 - CV'\ '-0 ..::t - 0'\ 0 00 r--.. 00 0'\ 0 l..l\ 
NNCV'\ 0000 -00 Nr--..OO'\l..l\ 
"' "' "' "' 
CV'\ N 


l..l\CV'\-..::t..::t 
l..l\ l..l\ - 0'\ l..l\ 
O'\o-r--..oo 
"' "'"' 
CV'\ 


l..l\ 


r--.. 00 0'\ r--.. N 00 
ON CV'\O'\ 
o ..::t 
"' 


CV'\..::t00..::t0 
..::t..::t'-O-CV'\ 
-N--oo 


N - 
..::to'\ 
CV'\ '-0 


-0 
'-0 N 
'-0 '-0 


'-0 


0'\ 00 
N 


:J 
0-0 
Q)OO 
I-. 


l..l\CV'\CV'\..::t..::t 
r--.. N N r--.. 
N 


0'\ 00 
-N 


'-0 00 
ON 


'-0 
00 


CV'\ 
o 
CV'\ 


..::t 


o 
..::t 


'-0 
0'\ 


..::t 


N 
N 


..::t'-O 
o 


0'\ '-0 


..:::t 


c 


- N CV'\..::t l..l\ '-0 r--.. 00 0'\ 0 \ - N CV'\..::t l..l\ '-0 r--.. 00 0'\ 0 1 - N CV'\ 
..::t..::t..::t..::t..:::t..::t..::t..::t..::tl..l\
l..l\l..l\l..l\l..l\l..l\l..l\l..l\l..l\'-O
'-O'-O 
O'\O'\O'\O'\O'\O'\O'\O'\O'\m

O'\O'\O'\O'\O'\O'\O'\mO'\O'\O'\ 
--------------------....-..........- 


- 88 - 


Q) 
I-. > 


O.j..l 
> CO .j..I 
I-. - 4- 
Q) :J CO 
II) E I-. 
Q):J"'O 
I-. U 
Q) 
E.j..I 
:J CO 
:J E U 
4- 
X "'0 
CO CO c 
E.- 
E 
o Q) II) 
I-. J::. Q) 
4-.j..I1-. 
:J 
"' II) 0") 
>-.- .- 
C 4- 
CO I-. 
. - "'0 
4- 0 Q) 
> c 
1-..- 
",Q)- 
>-11)1-. 
U Q) Q) 
Cl-."'O 
Q) c 
- :::> "'0 
Q) 
:J I-. 
4-4---.1-. 
Q) .:J 
"'0"'0 U 
C U 
"'0 CO 0 
C 
Q) ",I-. >- 
I - a. U 
1-.CV'\<tc 
CO Q) 
Q) J::. 1-..- 
>-UQ)U 
I-. .j..I.- 
4-C04-4- 
O:LcoQ) 
"'0 
II) II) 0") 
Q)coc"'O 
I-. Q) 
:J "'0 I-. .j..I 
0") Q) I-. :J 
:J a. 
4-4-UE 
U 0 
o U 


U 


II) U 
Q) Q) 
"'0 a..j..I CO 
.- II) 4- 
> CO J::. 
0= I-. U 
I-. "'0 "'0 .- 
a. c J::. 
Q) I-. 3 
o I Q) 
II) I-. > c 
CO 0 
CO Q) 
>- 3 
.j..I = 0 
:J ---- - 
a. 4- 
.j..I 
:J 
o 
E 
CO 
I-. II) 
0") "'0 a. Q) 
o c I-. .j..I 
I-. 0 :J CO 
a..UII)1-. 


II) 
I-. 
CO 
Q) 
>- 
. 4- 
CO"'O 
o C 
.- II) CO 
.j..I :J 



100,000 


I 
'c ie e \ 
cu b \ 
'2. 00 
10,000 
en 
>- 
co 
-a 5000 
I 
en 
'+- 
u 
c: 
-a 
Q) 
!... 
:::I 
0- 
Q) 2000 
!... 
Q) 
C') 
co 
!... 
0 
...... 
en 
1000 
Qe t 

ee\ 
u'o\C 
,00 c 
500 




 
c'0 

e 
e< 
, C\> 
\ee 
:o'
 
v
 
tOO 


100 
2 


5 10 20 
Recurrence interval, in years 


50 


Figure 37.--Magnitude and flrequency of seasona1 storage requirements, 
Cattaraugus Creek at Gowanda, 1941-63 climatic years. 
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of independent annual flows, and for several levels of percent chance of 
deficiency. For normal and Weibu11 frequency distributions, the coefficient 
of variation (standard deviation divided by the mean) is used as the index 
of variability; for log-normal distributions the standard deviation of base 
10 logarithms of annual discharge is used. The statistics of annual 
discharge were obtained by computer for the five long-term stations in the 
basin. All frequency distributions were of the log-normal type and indexes 
of variability were relatively uniform. Accordingly, there is some con- 
fidence in the assumption that the frequency characteristics of annual 
discharges within the region are homogeneous. 


Seasonal and carryover storage requirements are computed independently 
but must be combined to show the complete picture at a site. The seasonal 
storage volumes to be added to the carryover storage requirements at high 
draft rates cannot be obtained by extrapolation of the curve for low drafts 
without becoming unreasonably high at draft rates approaching the mean 
annual flow. A maximum seasonal storage component of 40 percent has been 
assumed. For drafts of less than 100 percent of the mean annual flow, 
proportionately lower amounts of seasonal storage would be required, down 
to the actual value on the seasonal storage curve at the point where 
probability routing procedures indicate that no carryover storage is 
required. The total storage required for the higher draft rates is obtained 
by adding the seasonal adjustment (40 percent or less) to the computed 
carryover storage requirement. 


Throughout this study, storage and yield parameters have been expressed 
as ratios or percentages of the mean annual flow for the period of record in 
order to generalize the relations. 


Data for Cattaraugus Creek at Gowanda have been used in figure 38 to 
illustrate the nature of seasonal, carryover, and combined draft-storage 
relations for a la-percent chance of deficiency (la-year recurrence interval). 
Similar curves were prepared for the 2-, and 5-percent chance levels 
(respectively, the 50-, and 20-year recurrence interval levels); and in 
like manner for the following stations: 


Buffalo Creek at Gardenville, 
Cayuga Creek at Lancaster, 
Cazenovia Creek at Ebenezer, and 
Little Tonawanda Creek at Linden. 


Figure 38 also illustrates the fact that, at very high draft rates, large 
increases in storage are required to achieve small increases in yield. 


The carryover storage computations previously described assume constant 
draft rates, uniform flow within each year, and independence between years. 
If there is serial correlation <nonindependence) between years, droughts 
will tend to persist and the sustained flow from a given amount of storage 
will be somewhat less than indicated. Based on an average serial correla- 
tion coefficient of 0.20 and an index of variability of 0.094, computed 
from the five long-term station records, graphs presented by Hardison (1966) 
indicate that the average reduction in sustained flow would amount to about 
3 percent of the mean annual flow. 


- 90 - 



100 


90 
Q) 80 
C') 

 
co 
..c 
u 
en 
-a 70 
co 
::J 
C 
C 
co 
r:: A Carryover storage required, for log-normal 
co 
Q) 
E distribution, Iv .. 0.093. 
'+- 
0 
+-' B Seasonal storage adjustment, to be added 
c 
Q) 
u to carryover storage. 

 
Q) 
c. 
r:: C Seasonal storage required, from frequency 
Q) analysis of annual mass-curve data. 
+-' 
co 

 
+-' D Combined storage required. 
'+- 
co 

 20 
0 
10 - 
0 
0 20 40 60 80 100 120 140 160 200 


Storage capacity requirement, in percent of mean annual flow volume 


Figure 38.--Combination of seasonal and carryover storage requirements 
for a lO-percent chance of deficiency, 
Cattaraugus Creek at Gowanda. 


Further adjustments to computed figures of gross yield have to be made 
to account for losses due to evaporation and seepage and for loss of 
capacity due to sedimentation. Stall (1964, p. 39) shows a detailed 
procedure for evaluation of these factors for reservoir sites in Illinois. 
He also provides a useful discussion on the topic of calculated risks in 
storage developments. 


REGIONAL DRAFT-STORAGE RELATIONS 


Although the draft-storagE
 data for the five long-term gaging stations 
in the Erie-Niagara basin have been generalized to the extent of expressing 
those parameters as a percenta
Je of the mean annual flow, other parameters 
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are needed to define regional relations. Riggs (1966) has described several 
methods of analysis to accomplish this. The median annual 7-day minimum 
flow has been found to be a suitable parameter in humid regions and has 
been adopted (and called an index value) for use in this study because of 
the avai1abi1ity of these data for a great number of sites in the Erie- 
Niagara basin. (See table 12.) This statistic can be developed for almost 
any site through relatively short-term partial record station operation or, 
in some cases, by know1edgeab1e extrapolation. The index value should be 
developed, for any site under study, at a level of accuracy commensurate 
with the degree of detail used in the site evaluation. For purposes of 
generalization, the index value also was expressed as a percent of the mean 
annual flow. 


Figures 39, 40, and 41 show regional draft-storage curves for streams 
in the Erie-Niagara basin for a 2-, 5-, and 10-percent chance of deficiency 
deficiency being defined as failure of a given amount of storage to provide 
the indicated draft. The relations were defined principally by Erie-Niagara 
basin data but were strengthened through the use of data from six stations 
in the Allegheny River basin. The latter stations had comparable annual 
streamflow characteristics. 


APPLICATION 


With few exceptions (to be noted subsequently), the draft-storage data 
can be obtained from figures 39, 40, and 41 for any site on streams listed 
in table 12 at or near which a value of the 7-day minimum streamflow for a 
2-year recurrence interval has been determined. 


A site on Cazenovia Creek at Spring Brook will serve as an example of 
the procedure since it is one of the sites shown in data obtained from the 
Erie-Niagara Basin Board (written communication, 1965) as exhibiting maximum 
potential for development and is also one near which low-flow data were 
collected. The following data are given in the Board1s communication: 


Drainage area (table 4) 
Approximate maximum permanent pool storage (table 7) 


:121.5 sq mi 
:63,000 ac-ft 


From this report: 


7-day, 2-year minimum streamflow (table 12) 
Yield at 26% flow-duration point (table 11) 
(a close approximation of the mean annual discharge) 


8.7 cfs 
1.56 cfsm 


1. Compute mean annual discharge: 1.56 x 121.5 = 190 cfs 
2. Compute mean annual flow volume: 190 x 365 = 69,300 cfs-days 
3. Compute storage capacity percentage: (63,000 x 0.5042) 100 = 46% 
( 69,300 ) 


4. 


Compute index value: (8.7) 100 
= 4.5% 
( 1 90 ) 


- 92 - 



100 


Storage 100 percent 


80 percent 


70 percent 


60 percent 


50 percent 


s 
0 
;:;:: 
co 
:::I 
s:::: 
s:::: 
co 
s:::: 
co 
CD 
E 
'0 
c: 
CD 
u 
05 50 
a. 
s:::: 
+-' 
- 
(IJ 
-c 
CD 
:c 
co 40 
S 
.£ 
« 


40 percent 


30 


20 


o 
o 2 4 6 8 10 12 14 
Index value--median annual minimum 7-day low flow, 
in percent of mean annual flow 


Storage capacity requirement 
shown in percent of the mean 
annual flow volume. 


Limit of within-year storage 


Note.--Storage required is not adjusted for 
effect of serial correlation between years or 
for reservoir seepage or evaporation. Draft 
rates assumed uniform. 


Figure 39.--Regional draft-storage relations for a 
2-percent chance of deficiency. 
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Figure 40.--Regional draft-storage re1ations for a 
5-percent chance of deficiency. 


- 94 - 



100 


10 percent chance of deficiency 


100 percent 


80 percent 
70 percent 
60 perce nt 


50 percent 


40 percent 


s 
0 
:;: 
co 
:::I 
s:::: 
s:::: 
co 
s:::: 
co 
CD 
E 
a 
c: 
CD 
u 
ffi 
0- 
s:::: 
+-' 
- 
co 
-0 
CD 
:c 
co 
s 
.52 
« 
30 


00 2 4 6 8 10 12 14 
Index value--median annual minimum 7-day low flow, 
in percent of mean annual flow 


Storage capacity requirement 
shown in percent of the mean 
annual flow volume. 


Limit of within-year storage 


Note.--Storage required is not adjusted for 
effect of serial correlation between years or 
for reservoir seepage or evaporation. Draft 
rates assumed uniform. 


Figure 41.--Regiona1 draft-storage relations for a 
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5. From figures 39, 40, and 41 pick the f0110wing data: 
For a 2% chance of deficiency: 
A11owab1e draft = 69% of mean annual f10w = .69 x 190 = 131 cfs 
For a 5% chance of deficiency: 
Allowable draft = 7710 of mean annual flow = .77 x 190 = 146 cfs 
For a 10% chance of deficiency: 
Allowable draft = 81% of mean annua1 flow = .81 x 190 = 154 cfs 
In all three cases, carryover storage would be requ ired. 


It has been established from previous computations that carryover 
storage would be required to maintain draft rates in excess of about 
60 percent of the mean annual discharge (for a 2-percent chance of 
deficiency). The corresponding storage capacity requirement varies from 
33 to 40 percent of the mean annual flow volume. These limits of seasonal 
flow regulation are shown as dashed lines in figures 39, 40, and 41. 


If the limiting criteria includes that of no carryover storage, the 
following data are obtained from the regional curves: 


For a 2% chance of deficiency: 
Allowable draft = 62% of mean annual flow = 
.62 x 190 = 118 cfs 
Storage = 38% of mean annual flow volume = 
.38 x 69,300 x 1.98 = 52,100 ac-ft 


For a 5% chance of deficiency: 
Allowable draft = 70% of mean annual flow = 
.70 x 190 = 133 cfs 
Storage = 3
1o of mean annual flow volume = 
.39 x 69,300 x 1.98 = 53,500 ac-ft 


For a liflo chance of deficiency: 
Allowable draft = 75% of mean annual flow = 
.75 x 190 = 142 cfs 
Storage = 3
1o of mean annual flow volume = 
.39 x 69,300 x 1.98 = 53,500 ac-ft 


These computations provide a verification of the figure of estimated 
reservoir gross yield (133 cfs) given in table 7 of the Board1s communication, 
under their assumed conditions -- 20-year recurrence interval (5-percent 
chance of deficiency) and no carryover storage. The computations addition- 
ally provide data for different levels of risk, specific storage requirements 
for annual operation (no carryover storage), and figures of draft resulting 
from a storage development equal to that of the "maximum permanent pool. 11 
As mentioned previously, the storage requirements must be adjusted for 
evaporation and seepage 10sses and for the effects of nonunifonn draft rates. 


Of the 76 sites listed by the Board, 9 are of particular interest. 
Cazenovia Creek at Spring Brook is one of these. Draft-storage data for 
the other 8 sites are shown in table 14. Draft-storage frequency relations 
for the Spring Brook site, as derived from the regional curves, are p10tted 
in figure 42. 
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Figure 42.--Storage-draft frequency relations, 
Cazenovia Creek at Spring Brook. 


LIMITATIONS 


A figure of mean annual flow can be determined for any site in the area 
from plate 3 of this report. The drainage basin above the site is sketched 
on the map and areas between contours planimetered to arrive at an average 
runoff f i gu re: 


annual runoff in inches x drainage area 
.03719 x 365 


= average discharge in cfs. 


This procedure was used for six of the sites in table 14. Zoar and Linden 
were close enough to gaged sites to use either the computed unit runoff 
figure from table 11 (Zoar -- yield, in cfsm, at the 26-percent duration 
point) or from long-term gaging station operation (Linden -- unit runoff 
computed from 52-year average and applied to the site area). 
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The index value (median 7-day minimum f10w expressed as a percent of 
the mean annual flow) cannot be estimated reliably for an ungaged site; it 
should be defined, by a series of discharge measurements made under base- 
flow condi tions, through corre
lation wi th analyzed data from long-term 
station operation. 


Host index values shown in table 14 were obtained by interpolation or 
extrapolation of data derived from table 12 for measurement sites at or 
near the proposed reservoir sites. Clear Creek at Bagdad presented the 
greatest uncertainty but was e:stimated on a drainage-area basi s from data 
for Clear Creek near Iroquois after subtracting data for North Branch Clear 
Creek near Lawtons. 


The draft-storage relations shown in figures 39, 40, and 41 are 
reasonably well defined for a range of index values from 1 to 13 percent 
and have been extended to cover the range 0 to 14 percent. Of the sites 
listed in table 12, only the following have index values exceeding 
14 percent: 


Index 
value 


1. Elton Creek at Delevan 15.6 
2. Elton Creek at the Forks 16.4 
3. Tributary to Buffalo Creek near East Aurora 18.1 
4. Scajaquada Creek at Buffalo 33.3 
5. Beaver Meadow Creek at Swifts Mills 24.4 


Flow at the two sites on Elton Creek is influenced to an unknown degree by 
storage in several lakes. Data for Scajaquada Creek reflect unnatural 
conditions because of augmentation from sources outside the basin. Index 
values at some sites may also be lower than those representative of the 
area because of diversions above a measuring site. Judgment must precede 
application. Small differences in the index value are not critical in 
terms of the computed allowable draft. 


The draft-storage relations can be improved and their applicability 
extended by complete-record station operation on selected streams having 
a natural high yield. Among these might be: Elton Creek, Mansfield Creek, 
Derby Brook, and Tonawanda Creek near Johnsonburg. 


The upper limit of storage development shown in figures 39, 40, and 
41 is that equal to the mean annual flow volume and provides the following 
values of gross allowable draft or yield: 


for a 

 chance of deficiency: 86 to 91% of the mean annual flow, 
for a 5% chance of deficiency: 91 to 95% of the mean annual flow, 
for a 10% chance of defici,ency: 94 to 9-r
 of the mean annua.1 flow. 


Net yields (allowing for the effects of serial correlation, seepage and 
evaporation losses, and for variable draft rates) would be on the order of 
10 to 20 percent less. 
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Leopold (1959, p. 15) and others have shown that, both theoretically 
and from actual operating experience, complete regulation yielding the mean 
annual flow of a stream is impossible to achieve. However, the draft- 
storage relations shown here prove that streams in the Erie-Niagara basin 
can be developed to yield substantial quantities of water without an 
excessive storage-capacity requirement. 
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SUMMARY 


Mean annual precipitation in the moist, continental climate of the 
Erie-Niagara basin ranges from more than 44 inches in the Uplands to about 
32 inches in the Lowlands. Av,3ilable data indicate that increasing amounts 
of mean annual precipitation in the area are more closely related to 
increases in the altitude of the land surface than any other factor. In the 
years since 1878 at Buffalo, extremes of annual precipitation have varied 
from slightly Jess than 70 percent to about 150 percent of the mean annual 
for the period. Yearly snowfall 1 ranges from about 70 inches on the Lowlands 
to about 150 inches on the Uplands, on the average. 


Average annual water loss from the area by evapotranspiration amounts 
to about 2.1 million acre-feet or about 20 inches. Because computations 
show that theoretical potentiall average annual evapotranspiration 
(24.5 inches) is uniform throughout the area, it is assumed that the actual 
annual rate of evapotranspiratfon is nearly uniform also. Evapotranspiration 
ranges from about 4.4 inches in July to almost zero from December to March. 


Streamflow is highly varic3b1e throughout the year and also from place 
to place within the area. The ratio of recorded maximum daily to minimum 
daily flow is about 500 to 1 fc)r Cattaraugus Creek at Gowanda, about 4,000 
to I for Buffalo Creek at Gardenvil1e, and about 10,000 to 1 for Little 
Tonawanda Creek at Linden. However, the pattern of seasonal distribution 
of runoff is similar for almost all streams throughout the Erie-Niagara 
basin. Usually, from 40 to 50 percent of the annual runoff occurs in the 
March to April period, about 10 to 15 percent in the May to June period, 
5 to 10 percent from July through October, and about 30 to 40 percent from 
November through February. Mean annual runoff averages 18 inches. 


Flow-duration studies for about 100 streams were used to develop an 
estimate of the regional distribution of runoff. Mean annual runoff is 
closely related to the altitude-precipitation relationship and, therefore, 
a map on a topographic base was; developed from which mean annual runoff can 
be estimated for any stream in the area. Other maps also were prepared to 
show the regional distribution of flow at the 50-, 90-, and 99-percent 
duration points. In addition, data from 100 streams were utilized for 
low-flow frequency analyses to indicate the minimum flows that can be 
expected to recur at various intervals for periods of 1,7, and 30 con- 
secutive days. 


Draft-storage frequency relations have been developed and may be 
applied to any site in the basin for which the median annual low flow has 
been determined. The storage relations are presented in terms of the mean 
annual flow, a figure which is available for most of the 100 sites mentioned 
above, and which can be compute
d from the mean annual runoff map for other 
sites in the basin. 
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Additiona1 data collected since 1958 a110wed an updating of previous 
regional flood-frequency studies. A flood-frequency curve can be estimated 
for any stream with a drainage area over 10 square miles. The 50-year f100d 
approaches 200 cubic feet per second per square mile for some streams in the 
area. Overbank flooding is most extensive in the Tonawanda Creek basin. 
Many floods are caused by ice jams in the streams or at the mouths of 
streams at the shore of Lake Erie. 


A1though the effect on streamf10w is not widespread, diversion of 
streamflow takes place at several locations in the area. The most 
significant is the reversal of flow of the downstream end of Tonawanda 
Creek to form a part of the ,New York State Barge Canal System. 
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RECOMMENDATION
3 


FOR FUTURE 


STUDIES 


Regional definition of f1ood-frequency relationships has been developed 
for streams with more than 10 square mi1es of drainage area. Gages shou1d 
be installed to collect sufficient data for the deve10pment of simi1ar 
re1ationships for streams with sma11er drainage areas. 


The existing network of gaging stations shou1d be eva1uated on a 
continuing basis to determine if it is providing the information necessary 
to understand the hydrology of the area and to plan for the most efficient 
management of its water resources. 


A more thorough investigation of snow conditions should be made to 
allow assessment of the amount lof water stored on the land surface that is 
available at various times of the winter and early spring. More studies 
are also needed for the definition of the factors invo1ved in the formation 
and dissolution of ice jams, both in streams and on the shores of Lake Erie. 
Data on both snowcover and ice jams are essential to planning for f100ds in 
the winter and early spring. 
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APPENDIX 


GAZETTEER OF NAMED STREAMS IN THE ERIE-NIAGARA BASIN 


This gazetteer lists every stream in the New York State portion of the 
Lake Erie and Niagara River drainage basins named on U.S. Geological Survey 
topographic maps or in New York State Department of Health reports. It does 
not include numerous small unnamed tributaries or Spicer, Gun, Woods, Burnt 
Ship and Sixmile Creeks on Grand Island in the Niagara River. 


Maps used were the latest available through 1964 and most were 7.5-minute 
quadrangles published at the scale of 1:24,000. The only exceptions were the 
Arcade and El1icottvi11e quadrangle sheets which are IS-minute quadrangles at 
the scale of 1:62,500. 


Stream names are established by historical or local usage and are subject 
to change. As maps are updated and revised, no doubt some of the names in 
this gazetteer will be superseded and additional streams will be named for 
the fi rst time. 


The gazetteer data are presented in two tables. Table 15 lists the Lake 
Erie and Niagara River tributaries in a downstream order. These lake and 
river tributaries are second in rank to the major stream system and are 
listed with one indentation. The third ranking tributaries are similarly 
listed in downstream order from headwaters to mouth, with one more indenta- 
tion. Subsequent ranks of tributaries are identified in the same manner. 
Stream numbers and the physical features of length, elevation, and drainage 
area are shown for most streams. 


Stream lengths were obtained by the use of a map measure. The headwaters 
of a stream, unless specifically marked on the map, have usually been assumed 
to be the tributary with the highest elevation. In a few instances the longer 
tributary has been used if measuring to the highest elevation would sacrifice 
considerable length of stream. For a stream shown on the map as intermittent 
in the upper reaches, the entire length has been used. At the time of spring 
runoff the whole stream would probably be contributing. 


Drainage areas were delineated and planimetered according to the methods 
established by the Federal Inter-Agency River Basin Committee as set forth in 
its Bulletin No.4, dated November 1951. 


Table 16 lists all streams alphabetically, regardless of basin location, 
although the basin is identified as either Lake Erie, Niagara River, or one of 
their direct tributaries. The location of the mouth of the stream is specified 
by naming the larger watercourse to which it is tributary, by the county in 
which it is situated, and by the topographic map on which it is shown. 
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These tables were prepared under the direction of Ralph C. Heath, former 
district chief, Water Resources Division, U.S. Geological Survey, in coopera- 
tion with the Division of Water Resources, New York State Conservation 
Department. The information was compiled by F. Luman Robison from drainage 
area computations made under the direction of Stephen Hladio. 
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Table 16.--Alphabetical listing of named streams in the 
Lake Erie-Niagara River drainage basin 


St ream name 


Ackl es Brook 


Baker Brook 
Beave r Creek 
Do. 
Beaver Meadows Creek 
Beeman Creek 
Belowe Creek c 
Be Ison Creek 
Bender Creek 
Berghol tz Creek 
Big Indian Creek 
Big Sister Creek 
BI ack Creek 
Do. 
Do. 
Bloody Run 
Bournes Creek 
Bowen Creek 
Buffalo Creek d 
Buffalo Rlver d 
Bul1 Creek 
Buttermi 1 k Creek 


Canadaway Creek 
Cattaraugus Creek 
Cayuga Creek 
Do. 
Cazenovl a Creek 
Chautauqua Creek 
Clear Creek 
Do. 
Clinton Brook 
Connolsarauley Creek 
Coon Brook 
Corel1 Creek 
Crooked Brook 
Crooked Creek 
Crow Creek 
Crump Brook 


Delaware Creek 
Derby Brook 
Doty Creek 
Dresser Creek 
Dry Creek 
Du rkee Creek 


East Branch Cazenovl a 
Eas t Fork 
Eas t Otto Creek 
E Ighteenmll e Creek 
EI evenmll e CreeJJ 
El1 I cott Creek 
El1 Is Brook c 
Elton Creek 
Engl ne Creek 
Erie (Barge) Canal 


Feeder Canal 
Fenton Creek 
Fern Brook c 


Dra i nage bas i n 
I n wh i ch stream I s Location of mouth 
listed In table 15 Trl butary to By county On U.S.G.S. map 
Lake Eri e CI I nton Brook Chautauqua Forestvi lie 
Tonawanda Creek Tonawanda Creek Genesee Alexander 
Lake Eri e Canadaway Creek Chautauqua Dunki rk 
do. Lake Erl e do. North of Dunki rk 
Buffalo Creek Buffalo Creek Wyomi ng Strykersvi lIe 
Tonawanda Creek Tonawanda Creek Erie Wol cottsvi lIe 
Buffalo Creek Buffalo Creek do. East Aurora 
Lake Erie Twentymlle Creek Chautauqua South Ri pi ey 
Buffalo Creek Stony Bottom Creek Erie Cowlesvl lIe 
Niagara River Cayuga Creek Ni agara Tonawanda, West 
Cattaraugus Creek Cattaraugus Creek Ca tta raugus Fa rnham 
Lake Erie Lake Erie Erie Ango I a 
Tonawanda Creek Tonawanda Creek Ni aga ra Wolcottsvi lIe 
do. Ransom Creek Erie Clarence Center 
Niagara River Berghol tz Creek Ni aga ra Tonawanda, West 
do. NI aga ra Ri ver do. Lewi ston 
Lake Erie Lake Erie Chautauqua Westfield 
Tonawanda Creek Tonawanda Creek Genesee Alexander 
Buffalo River Buffalo River Erie Buffalo, S.E. 
do. Lake Erie do. Buffalo, N.W. 
Tonawanda Creek Tonawanda Creek NI aga ra Tonawanda, East 
Cattaraugus Creek Catta raugus Creek Catta raugus El1icottvilie 


Lake Erie Lake Erie Chautauqua Dunki rk 
Cattaraugus Creek do. Eri e-Chautauqua Si I ver Creek 
Buffalo River Buffalo River Erie Buffalo, S.E. 
Ni agara River Niagara River Niagara Tonawanda, West 
Buffalo River Buffalo River Erie Buffalo, S. E. 
Lake Erie Lake Erie Chautauqua Westfield 
Cattaraugus Creek Cattaraugus Creek Wyomi ng Arcade 
do. do. Erie Farnham 
Lake Erie Canadaway Creek Chautauqua Cassadaga 
Cat ta raugus Creek Catta raugus Creek Ca tta raugus Ell i cottvi II e 
do. do. Erie Co II ins Center 
Lake Erie Lake Erie Chautauqua B roc ton 
do. do. do. Dunkirk 
El1 I cott Creek Ell i cott Creek Genesee Corfu 
Tonawanda Creek Tonawanda Creek Wyomi ng Attl ca 
Cazenovl a Creek W. Br. Cazenov I a Creek Erie Spri ngvi II e 
Lake Erie Lake Erie do. Ango I a 
Catta raugus Creek Catta raugus Creek do. Ell icottvl lie 
Lake Eri e Lake Eri e Chautauqua Westfield 
Cat ta raugus Creek Cattaraugus Creek Erie Sa rd I n i a 
do. Hosme r Brook do. do. 
Ell I cott Creek Spring Creek do. Corfu 
Creek Cazenovi a Creek Cazenovl a Creek Erie Orchard Park 
Tonawanda Creek Tonawanda Creek Wyomi ng Arcade 
Cattaraugus Creek S. Br. Cattaraugus Creek Cat ta raugus Ell icottvil Ie 
Lake Erie Lake Erie Erie Eden 
EI1i cott Creek Ell i cott Creek Genesee Corfu 
Tonawanda Creek Tonawanda Creek Erie T onawanda, Wes t 
Buffalo Creek Buffalo Creek do. East Aurora 
Cattaraugus Creek Cattaraugus Creek Catta raugus Sardinia 
Tonawanda Creek East Fork Wyoming Arcade 
Tonawanda Creek Oak Orchard Creek Orl eans Med i na 
Cayuga Creek French Brook Wyoming Cowles vi lIe 
Lake Erie Lake Erie Erie Angol a 


c From New York State Department of Health Reports; not named on U.S.G.S. maps. 


d New York State Department of Health Report No.3, Lake Erie-Niagara River drainage basin, considers 
Buffalo Creek and Buffalo River to be one stream. The 1948 Buffalo, S.E., topographi c map shows 
Buffalo River as being formed by the Junction of Buffalo Creek and Cayuga Creek. 


New York State Conservation Department considers Ell icott Creek above the mouth of Crooked Creek 
to be E I evenmi Ie Creek. 
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Table 16.--A1phabetical listing of named streams in the Lake Erie-Niagara 
River drainage basin (Continued) 


Stream name 


Fish Creek 
Feelings Creek 
French Brook 


Gill Creek 
Gillett Creek e 
Glade Creek 
Goodell Creek 
Gooseneck Creek 
Got Creek 
Gowan Hollow Brook 
Graff Brook 
Grannis Creek 


Hal fway Brook c 
Hampton Brook 
Hosmer Creek 
Hunter Creek 
Huron Creek 
Hyde Creek 
Hyler Creek 


Indian Creek c 


Jennings Creek 
Johnson Creek 


Kelly Brook c 
KI ng Brook 


Landon Brook 
Ledge Creek 
Lime Lake Outlet 
Li ttle Buffalo Creek c 
Little Buffalo Creek 
Little Canadaway Creek 
Li ttle Chautauqua Creek 
Little Indian Creek 
Li ttle Si ster Creek 
Li ttle Tonawanda Creek 


Mansfield Creek 
Markum Brook 
McKinstry Creek 
Middlebury Brook 
Morton Corners Brook c 
Mud Creek 
Muddy Creek 
Murder Creek 


Neuman Creek 
Niagara River 
Nigh Creek 
North Branch Clear Creek 
North Branch Plum Bottom Creek 


Otis Creek 


Peck Creek 
Perry Brook c 
PI ke Creek 
Pipe Creek 
PI ato Creek 
Plum Bottom Creek 
Point Peter Brook 
Pond Brook 


Drai nage bas i n 
i n wh I ch stream i s 
lis ted in tab I e IS 
Niagara River 
Lake Erie 
Cayuga Creek 


Niagara River 
Cayuga Creek 
Buffalo Creek 
Cattaraugus Creek 
do. 
Tonawanda Creek 
do. 
Cazenov I a Creek 
Cattaraugus Creek 


Lake Eri e 
do. 
Cattaraugus Creek 
Buffalo Creek 
Tonawanda Creek 
Lake Erie 
Cattaraugus Creek 


do. 


Lake Erie 
Tonawanda Creek 


Cattaraugus Creek 
do. 


Lake Erie 
Tonawanda Creek 
Cattaraugus Creek 
Lake Erie 
Cayuga Creek 
Lake Erie 
do. 
Cattaraugus Creek 
Lake Eri e 
Tonawanda Creek 


Cattaraugus Creek 
Lake Eri e 
Cattaraugus Creek 
Tonawanda Creek 
Cattaraugus Creek 
Tonawanda Creek 
Lake Erie 
Tonawanda Creek 


Lake Eri e 
Ni agara River 
Cattaraugus Creek 
do. 
Cayuga Creek 


Tri butary to 
Ni agara Ri ver 
Lake Erie 
Right Branch 


Ni agara River 
Right Branch 
Buffalo Creek 
Mansfi e I d Creek 
Buttermi I k Creek 
Ransom Creek 
S. Br. Cattaraugus Creek 
W. Br. Cazenovia Creek 
Cattaraugus Creek 


Lake Erie 
E i ghteenmi Ie Creek 
Cattaraugus Creek 
Buffalo Creek 
Murder Creek 
Unnamed Pond 
Cattaraugus Creek 


Buttermll k Creek 


S. Br. Elghteenmi I e Creek 
Tonawanda Creek 


Cattaraugus Creek 
do. 


Ei ghteenmi I e Creek 
Tonawanda Creek 
EI ton Creek 
Big Sister Creek 
Cayuga Creek 
Lake Eri e 
Chautauqua Creek 
Cattaraugus Creek 
Lake Erie 
Tonawanda Creek 


S. Br. Cettaraugus Creek 
Canadaway Creek 
Lime Lake Outlet 
Li ttle Tonawanda Creek 
Derby Brook 
Tonawanda Creek 
Lake Erie 
Ledge Creek 


Eighteenmi Ie Creek 
Lake Ontario 
Connoisarau1ey Creek 
Clear Creek 
Plum Bottom Creek 


Cattaraugus Creek Cattaraugus Creek 


Ell icott Creek 
Tonawanda Creek 
Lake Erie 
Cazenov i a Creek 
Buffalo Creek 
Cayuga Creek 
Cattaraugus Creek 
Buffalo Creek 


Spring Creek 
Tonawanda Creek 
Lake Erie 
W. Br. Cazenovia Creek 
Buffalo Creek 
Cayuga Creek 
Cattaraugus Creek 
Buffalo Creek 


Location of mouth 
By county 
Ni agara 
Chautauqua 
Wyoming 


Ni agara 
Wyoml ng 
do. 
Cattaraugus 
do. 
Erl e 
Cattaraugus 
do. 
do. 


Chautauqua 
Erie 
do. 
do. 
Genesee 
Chautauqua 
Erie 


Catta raugus 


Erie 
Wyoming 


Erie 
Cattaraugus 


Erie 
do. 
Cat ta raugus 
Erie 
do. 
Chautauqua 
do. 
Cattaraugus 
Erie 
Genesee 


Cattaraugus 
Chautauqua 
Catta raugus 
Wyomi ng 
Erie 
NI agara 
Erie 
do. 


Erie 
NI agara 
Catta raugus 
Erie 
do. 


do. 


do. 
Wyoming 
Erie 
do. 
Wyomi ng 
Erie 
Cattaraugus 
Erie 


c From New York State Department of Heal th Reports; not named on U. S. G. S. maps. 


On U. S. G. S. map 
Lewlston 
Westfield 
Cowlesvi lIe 


Ni agara Falls 
Cowlesvi lIe 
Strykersvi lIe 
Ell icottville 
do. 
CI arence Center 
Cat ta raugus 
Spri ngvi II e 
Gowanda 


S i I ve r Creek 
Hamburg 
Sa rd i n I a 
East Aurora 
AI exander 
Dunki rk 
Sardi ni a 


Ell icottvi lIe 


Langford 
Atti ca 


Collins Center 
Sa rd I n I a 


Springville 
Wolcottsvi lIe 
De I evan 
North Colli ns 
Lancas te r 
Brocton 
Westfield 
North CoIl ins 
Angol a 
Batavia, South 


Cat ta raugus 
Hamlet 
Delevan 
Dale 
CoIl ins Center 
Clarence Cente r 
Angola 
Wolcottsvi lIe 


Hambu rg 
Fort NI agara 
Ell i cottvi lIe 
North Co II ins 
Lancas ter 


Sardinia 


Corfu 
Arcade 
Ango I a 
Co I den 
Strykersvi lIe 
Lancas te r 
Gowanda 
Orchard Park 


e Report No.3 op.cit., indicates that Right Branch and Gillett Creek are the same stream. The 1951 
Cowlesville topographic map shows French Brook and Gillett Creek joining to form Right Branch. 
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Table 16.--A1phabetical 


listing of named streams in the Lake Erie-Niagara 
River drainage basin (Continued) 


Stream name 


On U.S.G.S. map 


Ransom Creek 
Red Brook 
Right Branche 
Rush Creek 
Rythus Creek 


Sawyer Creek 
Scaj aquada Creek 
Scott Creek 
She 1 don Creek 
SI1ver Creek 
Skim lake Out1et 
S1ate Bottom Creek 
S1I ppery Rock Creek 
Smoke Cree k 
South Branch Cattaraugus Creek 
South Branch Elghteenml1e Creek 
South Branch Smoke Creek 
Spencer Brook 
Spooner Creek 
Sprague Brook 
Spring Brook c 
Sprl ng Brook 
Do. 
Spring Creek 
Do. 
Stony Bottom Creek 
Stony Brook 
Do. 
Stony Creek 
Stony PI tcher Brook c 


Tannery Brook 
Do. 
Thatcher Brook 
Tonawanda Creek 
Tupper Creek 
Twentyml1e Creek 
Twomi1e Creek 
Ty1er Brook c 


Ut1ey Brook 


Vorce Creek 


Wa1 ker Creek 
Wa1nut Creek 
Wards Brook 
Waterman Brook 
Wes t Branch Cazenov I a Creek 
Whee1er Brook 
Whl tney Creek 
Wltherhll1 Brook c 


Drainage basin 
I n wh I ch stream I s 
1 I s ted I n tab I e 1 5 


Tonawanda Creek 
Cayuga Creek 
do. 
lake Erie 
do. 


Tonawanda Creek 
Niagara River 
lake Erie 
Buffa10 Creek 
lake Erie 
Cattaraugus Creek 
Cayuga Creek 
lake Erl e 
do. 
Catta raugus Creek 
lake Erl e 
do. 
Cazenovl a Creek 
Cattaraugus Creek 
Cazenov I a Cree k 
do. 
Cattaraugus Creek 
do. 
lake Erie 
E 11 I cott Creek 
Buffa10 Creek 
Tonawanda Creek 
Cattaraugus Creek 
do. 
do. 


Tonawanda Creek 
Cazenovl a Creek 
Cattaraugus Creek 
NI agara River 
lake Erie 
do. 
Niagara River 
Catta raugus Creek 


do. 


lake E r I e 


do. 
do. 
Tonawanda Creek 
Cattaraugus Creek 
Cazenov I a Creek 
lake Erl e 
Tonawanda Creek 
Cattaraugus Creek 


Tributary to 
Tonawanda Creek 
Cayuga Creek 
do. 
lake Erie 
Big Sister Creek 


Bul1 Creek 
Niagara River 
lake Erie 
Buffalo Creek 
lake Erie 
C1ear Creek 
Cayuga Creek 
lake Erie 
do. 
Cattaraugus Creek 
Elghteenml1e Creek 
Smoke Creek 
W. Br. Cazenovla Creek 
Cattaraugus Creek 
W. Br. Cazenovla Creek 
Cazenov I a Creek 
Cattaraugus Creek 
do. 
lake Erie 
E11 I cott Creek 
Buffa10 Creek 
Tonawanda Creek 
Cattaraugus Creek 
E1 ton Creek 
Goodel1 Creek 


Tonawanda Creek 
E. Br. Cazenovla Creek 
Cattaraugus Creek 
NI agara River 
Walnut Creek 
lake Erie (In Pa.) 
Niagara River 
Cattaraugus Creek 


do. 


lake Erie 


do. 
SI1ver Creek 
Crow Creek (Att I ca Res.) 
Catta raugus Creek 
Cazenov I a Creek 
SI1ver Creek 
Feeder Cana1 
Cattaraugus Creek 


location of mouth 
By county 


Erie 
Wyoming 
do. 
Erie 
do. 


NI aga ra 
Erie 
Chautauqua 
Erie 
Chautauqua 
Cattaraugus 
Erie 
Chautauqua 
Erie 
Cattaraugus 
Erie 
do. 
do. 
do. 
do. 
do. 
Wyoml ng 
Erie 
Chautauque 
Erie 
do. 
Wyoml ng 
Cattaraugus 
do. 
do. 


Wyom I ng 
Erie 
Cattaraugus 
Ni agara 
Chautauqua 
Erie, Pa. 
Erl e 
Wyoml ng 


Cattaraugus 


Chautauqua 


do. 
do. 
Wyoml ng 
Catta raugus 
Erie 
Chautauqua 
Genesee 
Wyoml ng 


Tonawanda, East 
Cow1esvl11e 
Do. 
Buffa10, S.E. 
Eden 


Tonawanda, Eas t 
Buffalo, N.W. 
North of Dunki rk 
St ryke rsv 111 e 
Si I ver Creek 
Delevan 
Buffalo, N. E. 
Brocton 
Buffalo, S. E. 
Gowanda 
Eden 
Buffa10, S.E. 
Sprlngvl11e 
E111cottvil1e 
Sprlngvi 11e 
Orchard Park 
Arcade 
E11i cottvil1 e 
Westfle1d 
Corfu 
East Aurora 
Attica 
E1licottvi 11e 
Sardinia 
Ell I cottvl 11e 


Attica 
Orchard Park 
Gowanda 
Tonawanda, Wes t 
Forestvl lie 
North Eas t 
Ton awan de , Wes t 
Arcade 


Collins Center 


Westfield 


Brocton 
Silver Creek 
Oale 
CoIl ins Center 
Orchard Park 
Pe r rysbu rg 
Akron 
Arcade 


c From New York State Department of Heal th Reports; not nemed on U. S.G. S. maps. 
e Report No.3 op. clt., Indicates that Right Branch and Gillett Creek are the same stream. The 1951 
Cow1esvll1e topographic map shows French Brook and Gillett Creek joining to form Right Branch. 
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